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(54) Method and reactor for conducting receptor-ligand association reactions 



(57) A method for conducting a receptoNlgand as- 
sociation reaction includes the steps of holding a bio- 
chemical analysis unit formed with a plurality of absorp- 
tive regions spaced apart from each other and contain- 
ing receptors or ligands in a reaction vessel covered by 
a jacket whose temperature can be controlled, and for- 
cibly feeding a reaction solution containing a ligand or 
receptor labeled with a labeling substance so as to cut 
through the plurality of absorptive regions formed in the 
biochemical analysis unit, thereby selectively associat- 



ing the ligand or receptor contained in the reaction so- 
lution with the receptors or ligands contained in the plu- 
rality of absorptive regions of the biochemical analysis 
unit. According to this method, it is possible to efficiently 
associate a ligand or receptor with receptors or ligands 
fixed in the absorptive regions of the biochemical anal- 
ysis unit and produce biochemical analysis data having 
an excellent quantitative characteristic with good re- 
peatability. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method for 
conducting a receptor-ligand association reaction and a 
reactor used therefor and, particularly, to a method for 
conducting a receptor-ligand association reaction and a 
reactor used therefor which can efficiently associate a 
receptor or ligand with ligands or receptors fixed in a 
biochemical analysis unit and produce biochemical 
analysis data having an excellent quantitative charac- 
teristic with good repeatability. 

DESCRIPTION OF THE PRIOR ART 

[0002] An autoradiographic analyzing system using 
as a detecting material for detecting radiation a stimu- 
lable phosphor which can absorb, store and record the 
energy of radiation when it is irradiated with radiation 
and which, when it is then stimulated by an electromag- 
netic wave having a specified wavelength, can release 
stimulated emission whose light amount con^esponds to 
the amount of radiation with which it was irradiated is 
known, which comprises the steps of introducing a ra- 
dioactively labeled substance into an organism, using 
the organism or a part of the tissue of the organism as 
a specimen, superposing the specimen and a stimulable 
phosphor sheet formed with a stimulable phosphor layer 
for a certain period of time, storing and recording radia- 
tion energy in a stimulable phosphor contained in the 
stimulable phosphor layer, scanning the stimulable 
phosphor layer with an electromagnetic wave to excite 
the stimulable phosphor, photoelectrlcally detecting the 
stimulated emission released from the stimulable phos- 
phor to produce digital image signals, effecting image 
processing on the obtained digital image signals, and 
reproducing an image on displaying means such as a 
CRT or the like or a photographic film (see, for example, 
Japanese Patent Publication No. 1-60784, Japanese 
Patent Publication No. 1-60782, Japanese Patent Pub- 
lication No. 4-3952 and the like). 
[0003] Unlike the autoradiographic analyzing system 
using a photographic film, according to the autoradio- 
graphic analyzing system using the stimulable phosphor 
as a detecting material, development, which Is chemical 
processing, becomes unnecessary. Further, it is possi- 
ble reproduce a desired image by effecting image 
processing on the obtained image data and effect quan- 
titative analysis using a computer. Use of a stimulable 
phosphor in these processes Is therefore advanta- 
geous. 

[0004] On the other hand, a fluorescence analyzing 
system using a fluorescent substance as a labeling sub- 
stance instead of a radioactive labeling substance in the 
autoradiographic analyzing systeni is known. According 
to this system, it is possible to study a genetic sequence, 
study the expression level of a gene, and to effect sep- 



aration or identification of protein or estimation of the 
molecular weight or properties of protein or the like. For 
example, this system can perform a process including 
the steps of distributing a plurality of DNA fragments on 
5 a gel support by means of electrophoresis after a fluo- . 
rescent dye was added to a solution containing a plural- 
ity of DNA fragments to be distributed, or distributing a 
plurality of DNA fragments on a gel support containing 
a fluorescent dye, or dipping a gel support on which a 

10 plurality of DNA fragments have been distributed by 
means of electrophoresis in a solution containing a flu- 
orescent dye, thereby labeling the electrophoresed 
DNA fragments, exciting the fluorescent dye by a stim- 
ulating ray to cause it to release fluorescent light, de- 

'5 tecting the released fluorescent light to produce an im- 
age and detecting the distribution of the DNA fragments 
on the gel support. This system can also perfomi a proc- 
ess including the steps of distributing a plurality of DNA 
fragments on a gel support by means of electrophoresis, 

20 denaturing the DNA fragments, transferring at least a 
part of the denatured DNA fragments onto a transfer 
support such as a nitrocellulose support by the South- 
ern-blotting method, hybridizing a probe prepared by la- 
beling target DNA and DNA or RNA complementary 

25 thereto with the denatured DNA fragments, thereby se- 
lectively labeling only the DNA fragments complemen- 
tary to the probe DNA or probe RNA, exciting the fluo- 
rescent dye by a stimulating ray to cause it to release 
fluorescent light, detecting the released fluorescent tight 

30 to produce an image and detecting the distribution of the 
target DNA on the transfer support. This system can fur- 
ther perfomri a process including the steps of preparing 
a DNA probe complementary to DNA containing a target 
gene labeled by a labeling substance, hybridizing it with 

35 DNA on a transfer support, combining an enzyme with 
the complementary DNA labeled by a labeling sub- 
stance, causing the enzyme to contact a fluorescent 
substance, transfonning the fluorescent substance to a 
fluorescent substance having fluorescent light releasing 

40 property, exciting the thus produced fluorescent sub- 
stance by a stimulating ray to release fluorescent light, 
detecting the fluorescent light to produce an image and 
detecting the distribution of the target DNA c e trans- 
fer support. This fluorescence detecting system is ad- 
vantageous in that a genetic sequence or the like can 
be easily detected without using a radioactive sub- 
stance. 

[0005] Sim ilarly, there is known a chemiluminescence 
analyzing system comprising the steps of fixing specific 

50 binding substances such as a protein, a nucleic acid or 
the like in a biochemical analysis unit such as a mem- 
brane filter, specifically binding a substance derived 
from a living organism and labeled with a labeling sub- 
stance which generates chemiluminescent emission 

55 when it contacts a chemiluminescent substrate, thereby 
selectively labeling the specific binding substances, the 
specific binding substances, bringing the specific bind- 
ing substances and the substance derived from a living 
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organism and specifically bound with the specific bind- 
ing substances into contact with the chemlluminescent 
substrate, photoelectrically detecting the chemilumines- 
cent emission in the wavelength of visible light generat- 
ed by the contact of the chemlluminescent substrate and 
the labeling substance to produce digital image signals, 
effecting Image processing thereon, and reproducing a 
chemlluminescent image on a display means such as a 
CRT or a recording material such as a photographic film, 
thereby obtaining Information relating to the high molec- 
ular substance such as genetic information. 
[0006] Further, a micro-array analyzing system has 
been recently developed, which comprises the steps of 
using a spotting device to drop at different positions on 
the surface of a carrier such as a slide glass plate, a 
membrane filter or the like specific binding substances, 
which can specifically bind with a substance derived 
from a living organism such as a cell, virus, hormone, 
tumor marker, enzyme, antibody, antigen, abzyme, oth- 
er protein, a nuclear acid, cDNA. DNA, RNA or the like 
and whose sequence, base length, composition and the 
like are known, thereby forming a number of Independ- 
ent spots, specifically binding the specific binding sub- 
stances using a hybridization method or the like with a 
substance derived from a living organism such as a cell, 
virus, hormone, tumor marker, enzyme, antibody, anti- 
gen, abzyme, other protein, a nuclear acid, cDNA, DNA 
or mRNA by extraction, isolation or the like and option- 
ally further subjected to chemical processing, chemical 
modification or the like and which is labeled with a labe- 
ling substance such as a fluorescent substance, dye or 
the like, thereby forming a micro-array, irradiating the 
micro-array with a stimulating ray, photoelectrically sub- 
stance such as a fluorescent substance, dye or the like, 
and analyzing the substance derived from a living or- 
ganism. This micro-array analyzing system is advanta- 
geous in that a substance derived from a living organism 
can be analyzed in a short time period by fomiing a 
number of spots of specific binding substances at differ- 
ent positions of the surface of a cannier such as a slide 
glass plate at high density and hybridizing them with a 
substance derived from a living organism and labeled 
with a labeling substance. 

[0007] In addition, a macro-array analyzing system 
using a radioactive labeling substance as a labeling sub- 
stance has been further developed, which comprises 
the steps of using a spotting device to drop at different 
positions on the surface of a carrier such as a membrane 
filter or the like specific binding substances, which can 
specifically bind with a substance derived from a living 
organism such as a cell, virus, hormone, tumor marker, 
enzyme, antibody, antigen, abzyme, other protein, a nu- 
clear acid, cDNA, DNA, RNA or the like and whose se- 
quence, base length, composition and the like are 
known , thereby forming a number of independent spots, 
specifically binding the specific binding substance using 
a hybridization method or the like with a substance de- 
rived from a living organism such as a cell, virus, hor- 



mone, tumor marker, en7yme, antibody, antigen, 
abzyme. other protein, a nuclear acid, cDNA, DNA or 
mRNA by extraction, isolation or the like and optionally 
further subjected to chemical processing, chemical 
5 modification or the like and which is labeled with a radi- 
oactive labeling substance, thereby forming a macro-ar- 
ray, superposing the macro-an-ay and a stimulable 
phosphor sheet formed with a stimulable phosphor lay- 
er, exposing the stimulable phosphor layer to a radloac- 
10 tive labeling substance, irradiating the stimulable phos- 
phor layer with a stimulating ray to excite the stimulable 
phosphor, photoelectrically detecting the stimulated 
emission released from the stimulable phosphor to pro- 
duce biochemical analysis data, and analyzing the sub- 
's stance derived from a living organism. 

[0008] In the micro-array analyzing system and the 
macro-an-ay analyzing system, it Is required to produce 
biochemical analysis data by dropping a solution con- 
taining specific binding substances at different positions 
on the surface of a biochemical analysis unit such as a 
membrane filter or the like to fomri a number of spot-like 
regions, hybridizing a substance derived from a living 
organism and labeled with a labeling substance such as 
a radioactive labeling substance, a fluorescent sub- 
stance or a labeling substance which generates chemi- 
luminescence emission when it contacts a chemllumi- 
nescent substrate with the specific binding substances 
contained in the spot-like regions, thereby selectively la- 
beling the spot-like regions, exposing a stimulable phos- 
phor layer of a stimulable phosphor sheet to a radioac- 
tive labeling substance selectively contained in the spot- 
like regions, scanning the thus exposed stimulable 
phosphor layer with a stimulating ray, thereby exciting 
stimulable phosphor contained in the stimulable phos- 
phor layer and photoelectrically detecting stimulated 
emission released from the stimulable phosphor, or 
scanning a number of the spot-like regions with a stim- 
ulating ray to produce biochemical analysis data, there- 
by exciting a fluorescent substance contained In a 
number of the spot-like regions and photoelectrically de- 
tecting fluorescence emission released from the fluores- 
cent substance to produce biochemical analysis data, 
or bringing a labeling substance contained in a number 
of the spot-like regions into contact with a chemllumi- 
nescent substrate and photoelectrically detecting 
chemiluminescence emission released from the labe- 
ling substance to produce biochemical analysis data. 
[0009] Conventionally, hybridization of specific bind- 
ing substances and a substance derived from a living 
organism has been performed by an experimenter man- 
ually Inserting a biochembal analysis unit fomned with 
a number of the spot-like regions containing specific 
binding substances such as a membrane filter into a hy- 
bridization bag, pouring a hybridization reaction solution 
containing a substance derived from a living organism 
and labeled with a labeling substance such as a radio- 
active labeling substance, a fluorescent substance or a 
labeling substance which generates chemitumines- 
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cence emission when it contacts a chemlluminescent 
substrate into the hybridization bag. vibrating the hybrid- 
ization bag, thereby moving the substance derived from 
a living organism by convection or diffusion, hybridizing 
the substance derived from a living organism with the 
specific binding substances, removing the biochemical 
analysis unit from the hybridization bag, and inserting 
the biochemical analysis unit In a container filled with a 
cleaning solution, thereby cleaning the biochemical 
analysis unit. 

[0010] However, in the case where specific binding 
substances and a substance derived from a living or- 
ganism are hybridized by an experimenter manually in- 
serting a biochemical analysis unit into a hybridization 
bag, pouring a hybridization reaction solution into the 
hybridization bag^ and vibrating the hybridization bag, it 
Is difficult to bring the hybridization reaction solution into 
unifomn contact with a number of the spot-like regions 
containing specific binding substances and, therefore, 
specific binding substances and a substance derived 
from a living organism cannot be effectively hybridized. 
[0011] Further, in the case of an experimenter manu- 
ally inserting a biochemical analysis unit Into a hybridi- 
zation bag by, pouring a hybridization reaction solution 
into the hybridization bag, vibrating the hybridization 
bag, hybridizing specific binding substances and a sub- 
stance derived from a living organism, removing the bi- 
ochemical analysis unit from the hybridization bag, and 
inserting the biochemical analysis unit in a container 
filled with a cleaning solution, thereby cleaning the bio- 
chemical analysis unit, the results of the hybridization 
differ among different experimenters and the repeata- 
bility of the hybridization is inevitably lowered. Moreover, 
even when the same experimenter perfomis hybridiza- 
tion, different results may be obtained. 
[0012] The same problems occur in the case where a 
receptor and a ligand are associated as In the case of 
fixing antigens or antibodies In a biochemical analysis 
unit such as a membrane filter and binding an antibody 
or an antigen to the thus fixed antigens or antibodies by 
an antigen-antibody reaction and the same problems 
occur In the case of hybridizing a probe DNA labeled 
with a hapten such as digoxigenin with a target DNA 
fixed in a biochemical analysis unit such as a membrane 
filter, binding an antibody for the hapten such as digox- 
igenin labeled with an enzyme which generates cheml- 
luminescent emission when it contacts a chemilumines- 
cent substrate or an antibody for the hapten such as di- 
goxigenin labeled with an enzyme which generates flu- 
orescence emission when It contacts a fluorescent sub- 
strate with the hapten labeling the probe DNA by an an- 
tigen-antibody reaction, thereby labeling the target 
DNA. 

SUMMARY OF THE INVENTION 

[001 3] It is therefore an object of the present invention 
to provide a method for conducting a receptor-ligand as- 



sociation reaction and a reactor used therefor which can 
efficiently associate a ligand or receptor with receptors 
or llgands fixed in spot-like regions of a biochemical 
analysis unit and produce biochemical analysis data 
5 having an excellent quantitative characteristic with good 
repeatability. 

[0014] The above other objects of the present Inven- 
tion can be accomplished by a method for conducting a 
receptor-ligand association reaction comprising the 
10 steps of holding a biochemical analysis unit formed with 
a plurality of absorptive regions spaced apart from each 
other and containing receptors or llgands in a reaction 
vessel covered by a jacket whose temperature can be 
controlled, and forcibly feeding a reaction solution con- 
15 taining a ligand or receptor labeled with a labeling sub- 
stance so as to cut through the plurality of absorptive 
regions fornied In the biochemical analysis unit, thereby 
selectively associating the ligand or receptor contained 
in the reaction solution with the receptors or llgands con- 
tained in the plurality of absorptive regions of the bio- 
chemical analysis unit. 

[0015] In the present invention, the receptor-ligand 
association reaction Includes a hybridization reaction 
and an antigen-antibody reaction. 
[0016] According to the present invention, since the 
method for conducting a receptor-ligand association re* 
action includes the steps of holding a biochemical anal- 
ysis unit formed with a plurality of absorptive regions 
spaced apart from each other and containing receptors 
or ligands in a reaction vessel, and forcibly feeding a 
reaction solution containing a ligand or receptor labeled 
with a labeling substance so as to cut through the plu- 
rality of absorptive regions formed in the biochemical 
analysis unit, thereby selectively associating the ligand 
or receptor contained in the reaction solution with the 
receptors or ligands contained in the plurality of absorp- 
tive regions of the biochemical analysis unit, it is possi- 
ble to markedly increase the moving rate of the ligand 
or receptor through the plurality of absorptive regions of 
the biochemical analysis unit and therefore, to markedly 
increase the reaction rate of association of the receptors 
or ligands contained in the plurality of absorptive regions 
of the biochemical analysis uni; ind the ligand or recep- 
tor contained in the reaction solution. It is further possi- 
ble to markedly Increase the possibility of association of 
the ligand ore receptor contained In the reaction solution 
with the receptors or ligands fixed in deep portions of 
the plurality of absorptive regions of the biochemical 
analysis unit. Therefore, the ligand or receptor con- 
tained in the reaction solution can be associated with 
the receptors or ligands fixed in the plurality of absorp- 
tive regions of the biochemical analysis unit in a desired 
manner. 

[0017] Furthermore, according to the present Inven- 
tion, since the reaction vessel is covered by a jacket 
whose temperature can be controlled, it is possible to 
markedly increase the reaction rate of association of the 
receptors or llgands contained in the plurality of absorp- 
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tive regions of the biochemical analysis unit and the lig- 
and or receptor contained in the reaction solution. 
[0018] Moreover, according to the present invention, 
since the reaction solution containing a llgand or recep- 
tor labeled with a labeling substance is forcibly fed so 5 
as to cut through the plurality of absorptive regions 
formed in the biochemical analysis unit, thereby selec- 
tively associating the ligand or receptor contained in the 
reaction solution with the receptors or ligands contained 
in the plurality of absorptive regions of the biochemical 
analysis unit, it is possible to increase the repeatability 
of a receptor-ligand association reaction. 
[0019] In a preferred aspect of the present invention, 
the method for conducting a receptor-ligand association 
reaction further includes the step of recycling the reac- 
tion solution into the reaction vessel via a solution cir- 
culation passage provided with a filter so that the reac- 
tion solution is forcibly fed to cut through the plurality of 
absorptive regions formed in the biochemical analysis 
unit, thereby selectively associating the ligand or recep- 
tor contained in the reaction solution with the receptors 
or ligands contained in the plurality of absorptive regions 
of the biochemical analysis unit. 
[0020] According to this preferred aspect of the 
present invention, since the method for conducting a re- 
ceptor-ligand association reaction further includes the 
step of recycling the reaction solution into the reaction 
vessel via a solution circulation passage provided with 
a filter so that the reaction solution is forcibly fed to cut 
through the plurality of absorptive regions fonmed in the 
biochemical analysis unit, thereby selectively associat- 
ing the ligand or receptor contained in the reaction so- 
lution with the receptors or ligands contained In the plu- 
rality of absorptive regions of the biochemical analysis 
unit, it is possible to remove substances which have not 
yet dissolved in the reaction solution, deposits and the 
like by the filter. Therefore, since it Is possible to mark- 
edly increase the moving rate of the ligand or receptor 
through the plurality of absorptive regions of the bio- 
chemical analysis unit while also reliably preventing the 
absorptive regions of the biochemical analysis unit from 
b<?ing clogged with substances which have not yet dis- 
«5r|ved in the reaction solution, deposits and the like, it 
is possible to markedly increase the reaction rate of as- 
sociation of the receptors or ligands contained in the plu- 
rality of absorptive regions of the biochemical analysis 
unit and the ligand or receptor contained in the reaction 
solution and to markedly increase the possibility of as- 
sociation of the ligand or receptor contained in the re- 
action solution with the receptors or ligands fixed in deep 
portions of the plurality of absorptive regions of the bio- 
chemical analysis unit. Accordingly, the ligand or recep- 
tor contained in the reaction solution can be associated 
with the receptors or ligands fixed in the plurality of ab- 
sorptive regions of the biochemical analysis unit in a de- 
sired manner. 

[0021] In a further preferred aspect of the present in- 
vention, the method for conducting a receptor-ligand as- 



sociation reaction further includes the step of recycling 
the reaction solution into the reaction vessel via a static 
mixer provided in the solution circulation passage so 
that the reaction solution is forcibly fed to cut through 
the plurality of absorptive regions formed in the bio- 
chemical analysis unit, thereby selectively associating 
the ligand or receptor contained in the reaction solution 
with the receptors or ligands contained in the plurality of 
absorptive regions of the biochemical analysis unit. 
[0022] According to this preferred aspect of the 
present invention, since the method for conducting a re- 
ceptor-ligand association reaction further includes the 
step of recycling the reaction solution into the reaction 
vessel via a static mixer provided in the solution circu- 
lation passage so that the reaction solution is forcibly 
fed to cut through the plurality of absorptive regions 
fonned in the biochemical analysis unit, thereby selec- 
tively associating the ligand or receptor contained in the 
reaction solution with the receptors or ligands contained 
in the plurality of absorptive regions of the biochemical 
analysis unit, it is possible to unifomity mix the reaction 
solution by the static mixer so as to unifonnly feed the 
reaction solution to the plurality of absorptive regions 
formed in the biochemical analysis unit and therefore, 
the ligand or receptor contained in the reaction solution 
can be associated with the receptors or ligands fixed in 
the plurality of absorptive regions of the biochemical 
analysis unit in a desired manner. 
[0023] In another prefen-ed aspect of the present in- 
vention, the method forconductinga receptor-ligand as- 
sociation reaction includes the step of forcibly feeding 
the reaction solution so as to cut through the plurality of 
absorptive regions formed in the biochemical analysis 
unit alternately in different directions, thereby selectively 
associating the ligand or receptor contained in the reac- 
tion solution with the receptors or ligands contained in 
the plurality of absorptive regions of the biochemical 
analysis unit. 

[0024] According to this preferred aspect of the 
present invention, since the method for conducting a re- 
ceptor-ligand association reaction includes the step of 
forcibly feeding the reaction solution so as to cut through 
the plurality of absorptive regions formed in the bio- 
chemical analysis unit alternately in different directions, 
thereby selectively associating the ligand or receptor 
contained in the reaction solution with the receptors or 
ligands contained in the plurality of absorptive regions 
of the biochemical analysis unit, it is possible to mark- 
edly increase the moving rate of the ligand or receptor 
through the plurality of absorptive regions of the bio- 
chemical analysis unit. Therefore, since it is possible to 
markedly increase the reaction rate of association of the 
receptors or ligands contained In the plurality of absorp- 
tive regions of the biochemical analysis unit and the lig- 
and or receptor contained in the reaction solution and 
to markedly increase the possibility of association of the 
ligand or receptor contained in the reaction solution with 
the receptors or ligands fixed in deep portions of the plu- 
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rality of absorptive regions of the biochemical analysis 
unit, the ligand or receptor contained in the reaction so- 
lution can be associated with the receptors or ligands 
fixed in the plurality of absorptive regions of the bio- 
chemical analysis unit in a desired manner. 
[0025] In a further preferred aspect of the present in- 
vention, the method for conducting a receptor-ligand as- 
sociation reaction includes the steps of forcibly feeding 
the reaction solution so as to cut through the plurality of 
absorptive regions formed in the biochemical analysis 
unit alternately in different directions and forcibly feed- 
ing the reaction solution into a pair of solution passages 
connected to the reaction vessel one on either side of 
the biochemical analysis unit held in the reaction vessel 
and each having a static mixer, thereby selectively as- 
sociating the ligand or receptor contained in the reaction 
solution with the receptors or ligands contained in the 
plurality of absorptive regions of the biochemical analy- 
sis unit. 

[0026] According to this preferred aspect of the 
present invention, since the method for conducting a re- 
ceptor-llgand association reaction includes the steps of 
forcibly feeding the reaction solution so as to cut through 
the plurality of absorptive regions formed in the bio- 
chemical analysis unit alternately in different directions 
and forcibly feeding the reaction solution into a pair of 
solution passages connected to the reaction vessel one 
on either side of the biochemical analysis unit held in 
the reaction vessel and each having a static mixer, 
thereby selectively associating the ligand or receptor 
contained in the reaction solution with the receptors or 
ligands contained in the plurality of absorptive regions 
of the biochemical analysis unit, it is possible to uniform- 
ly mix the reaction solution by the static mixer so as to 
unifomily feed the reaction solution to the plurality of ab- 
sorptive regions fomied In the biochemical analysis unit 
and therefore, the ligand or receptor contained in the 
reaction solution can be associated with the receptors 
or ligands fixed in the plurality of absorptive regions of 
the biochemical analysis unit in a desired manner. 
[0027] In a preferred aspect of the present invention, 
the reaction solution contains a ligand or receptor la- 
beled with a labeling substance selected from a group 
consisting of a radioactive labeling substance, a fluores- 
cent substance and a labeling substance which gener- 
ates chemiluminescence emission when It contacts a 
chemiluminescent substrate. 

[0028] In a preferred aspect of the present Invention, 
the method forconducting a receptor-ligand association 
reaction includes the steps of holding the biochemical 
analysis unit formed with a plurality of absorptive re- 
gions spaced apart from each other and containing spe- 
cific binding substances whose structure or character- 
istics are known in the reaction vessel covered by the 
jacket whose temperature can be controlled, and forci- 
bly feeding the reaction solution containing a substance 
derived from a living organism and labeled with a labe- 
ling substance so as to cut through the plurality of ab- 



sorptive regions fomried in the biochemical analysis unit, 
thereby selectively hybridizing the substance derived 
from a living organism, labeled with a labeling substance 
and contained in the reaction solution with the specific 
5 binding substances contained in the plurality of absorp- 
tive regions of the biochemical analysis unit. 
[0029] In another preferred aspect of the present in- 
vention, the method for conducting a receptor-ligand as- 
sociation reaction includes the steps of holding the blo- 
10 chemical analysis unit formed with a plurality of absorp- 
tive regions spaced apart from each other and contain- 
ing an antigen or an antibody In the reaction vessel cov- 
ered by the jacket whose temperature can be controlled, 
and forcibly feeding the reaction solution containing an 
15 antibody or an antigen labeled with a labeling substance 
so as to cut through the plurality of absorptive regions 
fomied In the biochemical analysis unit, thereby binding 
the antibody or the antigen labeled with a labeling sub- 
stance and contained in the reaction solution with the 
antigen or the antibody contained in the plurality of ab- 
sorptive regions of the biochemical analysis unit by an 
antigen-antibody reaction. 

[0030] In another preferred aspect of the present in- 
vention, the method for conducting a receptor-ligand as- 
sociation reaction includes the steps of holding the bio- 
chemical analysis unit formed with a plurality of absorp- 
tive regions spaced apart from each other and contain- 
ing specific binding substances whose structure or char- 
acteristics are known in the reaction vessel covered by 
the jacket whose temperature can be controlled^ forcibly 
feeding the reaction solution containing a substance de- 
rived from a living organism and labeled with a hapten 
so as to cut through the plurality of absorptive regions 
formed in the biochemical analysis unit, thereby selec- 
tively hybrkiizlng the substance derived from a living or- 
ganism, labeled with the hapten and contained In the 
reaction solution with the specific binding substances 
contained in the plurality of absorptive regions of the bi- 
ochemical analysis unit, and forcibly feeding a reaction 
solution containing an antibody to the hapten labeled 
with a labeling substance so as to cut through the plu- 
rality of absorptive regions fomned In the biochemical 
analysis unit, thereby binding the antibody I- "-tejed with 
the labeling substance and contained in the reaction so- 
lution with the hapten contained in the plurality of ab- 
sorptive regions of the biochemical analysis unit by an 
antigen-antibody reaction. 

[0031] In the present invention, illustrative examples 
of the combination of hapten and antibody include dig- 
oxigenin and anti-digoxigenin antibody, theophylline 
and anti-theophylline antibody, fluorosein and anti-fluor- 
osein antibody, and the like. Further, the combination of 
biotin and avidin, antigen and antibody may be utilized 
instead of the combination of hapten and antibody. 
[0032] In a further preferred aspect of the present in- 
vention, the method forconducting a receptor-ligand as- 
sociation reaction includes the steps of holding the bio- 
chemical analysis unit fomied with a plurality of absorp- 
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tive regions spaced apart from each other and contain- 
ing specific binding substances whose structure or char- 
acteristics are known in the reaction vessel covered by 
the jacket whose temperature can be controlled, forcibly 
feeding the reaction solution containing a substance de- s 
rived from a living organism and labeled with a hapten 
so as to cut through the plurality of absorptive regions 
formed in the biochemical analysis unit, thereby selec- 
tively hybridizing the substance derived from a living or- 
ganism, labeled with the hapten and contained In the 
reaction solution with the specific binding substances 
contained in the plurality of absorptive regions of the bi- 
ochemical analysis unit, and forcibly feeding a reaction 
solution containing an antibody to the hapten labeled 
with an enzyme which generates chemiluminescence 
emission when it contacts a chemlluminescent sub- 
strate so as to cut through the plurality of absorptive re- 
gions formed in the biochemical analysis unit, thereby 
binding the antibody labeled with the enzyme and con- 
tained in the reaction solution with the hapten contained 
in the plurality of absorptive regions of the biochemical 
analysis unit by an antigen-antibody reaction. 
[0033] In another preferred aspect of the present in- 
vention, the method forconducting a receptor-ligand as- 
sociation reaction includes the steps of holding the bio- 
chemical analysis unit formed with a plurality of absorp- 
tive regions spaced apart from each other and contain- 
ing specific binding substances whose structure orchar- 
acteristics are known In the reaction vessel covered by 
the jacket whose temperature can be controlled, forcibly 
feeding the reaction solution containing a substance de- 
rived from a living organism and labeled with a hapten 
so as to cut through the plurality of absorptive regions 
fomied in the biochemical analysis unit, thereby selec- 
tively hybridizing the substance derived from a living or- 
ganism, labeled with the hapten and contained in the 
reaction solution with the specific binding substances 
contained In the plurality of absorptive regions of the bi- 
ochemical analysis unit, and forcibly feeding a reaction 
solution containing an antibody to the hapten labeled 
with an enzyme which generates a fluorescent sub- 
stance when It contacts a fluorescent substrate so as to 
cut through the plurality of absorptive regions formed in 
the biochemical analysts unit, thereby binding the anti- 
body labeled with the enzyme and contained in the re- 
action solution with the hapten contained in the plurality 
of absorptive regions of the biochemical analysis unit by 
an antigen-antibody reaction. 

[0034] In a preferred aspect of the present invention, 
the biochemical analysis unit includes a substrate 
fonned with a plurality of through-holes spaced apart 
from each other and the plurality of absorptive regions 
are formed by charging an absorptive material in the plu- 
rality of through-holes formed in the substrate and caus- 
ing the absorptive material charged in the plurality of 
through-holes to contain receptors or ligands. 
[0035] In a further preferred aspect of the present in- 
vention, the plurality of absorptive regions are formed 



by embedding an absorptive material in the plurality of 
through-holes formed in the substrate and causing the 
absorptive material embedded in the plurality of 
through-holes to contain receptors or ligands. 
[0036] In another prefen-ed aspect of the present in- 
vention, the plurality of absorptive regions are formed 
by pressing an absorptive membrane containing an ab- 
sorptive material into the plurality of through-holes 
formed in the substrate and causing the absorptive ma- 
terial pressed Into the plurality of through-holes to con- 
tain receptors or ligands. 

[0037] In a preferred aspect of the present invention, 
the biochemical analysis unit includes an absorptive 
substrate formed of an absorptive material and a sub- 
strate fomied with a plurality of through-holes and being 
in close contact with at least one surface of the absorp- 
tive substrate and the plurality of absorptive regions of 
the biochemical analysis unit are formed by causing the 
absorptive substrate within Iheplurality of through-holes 
formed in the substrate to contain receptors or ligands. 
[0038] In a preferred aspect of the present invention, 
the biochemical analysis unit is fonned with 10 or more 
absorptive regions. 

[0039] In a further preferred aspect of the present in- 
vention, the biochemical analysis unit is formed with 50 
or more absorptive regions. 

[0040] In a further preferred aspect of the present in- 
vention, the biochemical analysis unit is formed with 1 GO 
or more absorptive regions. 

[0041] In a further preferred aspect of the present in- 
vention, the biochemical analysis unit is formed with 500 
or more absorptive regions. 

[0042] In a further prefen-ed aspect of the present In- 
vention, the biochemical analysis unit is fonned with 
1 ,000 or more absorptive regions. 
[0043] In a further preferred aspect of the present in- 
vention, the biochemical analysis unit is fonned with 
5,000 or more absorptive regions. 
[0044] In a further preferred aspect of the present in- 
vention, the biochemical analysis unit is fonned with 
10,000 or more absorptive regions. 
[0045] In a further preferred aspect of the present in- 
vention, the biochemical analysis ui i^ is fonned with 
50,000 or more absorptive regions. 
[0046] In a further prefen-ed aspect of the present in- 
vention, the biochemical analysis unit is fonned with 
100,000 or more absorptive regions. 
[0047] In a prefen-ed aspect of the present invention, 
each of the plurality of absorptive regions of the bio- 
chemical analysis unit has a size of less than 5 mm^. 
[0048] In a further preferred aspect of the present in- 
vention, each of the plurality of absorptive regions of the 
biochemical analysis unit has a size of less than 1 mm^. 
[0049] In a further preferred aspect of the present in- 
vention, each of the plurality of absorptive regions of the 
biochemical analysis unit has a size of less than 0.5 
mm2. 

[0050] In a further preferred aspect of the present in- 
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vention, each of the plurality of absorptive regions of the 
biochemical analysis unit has a size of less than 0.1 
mm2. 

[0051] In a further preferred aspect of the present in- 
vention, each of the plurality of absorptive regions of the 5 
biochennicai analysis unit has a size of less than 0.05 
mrrfi, 

[0052] In a further preferred aspect of the present in- 
vention, each of the plurality of absorptive regions of the 
biochemical analysis unit has a size of less than 0.01 io 

[0053] In a preferred aspect of the present invention, 
the plurality of absorptive regions are fonned in the bi- 
ochemical analysis unit at a density of 10 or more per 

Cm2. 15 

[0054] In a further preferred aspect of the present in- 
vention, the plurality of absorptive regions are formed In 
the biochemical analysis unit at a density of 50 or more 
per cm2. 

[0055] In a further preferred aspect of the present in- 20 
vention, the plurality of absorptive regions are fomied in 
the biochemical analysis unit at a density of 1 00 or more 
per cm2. 

[0056] In a further preferred aspect of the present In- 
vention, the plurality of absorptive regions are fomied in 25 
the biochemical analysis unit at a density of 500 or more 
per cm2. 

[0057] In a further preferred aspect of the present in- 
vention, the plurality of absorptive regions are fonned In 
the biochemical analysis unit at a density of 1 ,000 or so 
more per cm^. 

[0058] In a further preferred aspect of the present In- 
vention, the plurality of absorptive regions are formed in 
the biochemical analysis unit at a density of 5,000 or 
more per cm^. 35 
[0059] In a further preferred aspect of the present in- 
vention, the plurality of absorptive regions are formed in 
the biochemical analysis unit at a density of 10,000 or 
more per cm^. 

[0060] In a further preferred aspect of the present in- 40 
vention, the plurality of absorptive regions are formed in 
the biochemical analysis unit at a density of 50,000 or 
more per cm^. 

[0061] In a further preferred aspect of the present in- 
vention, the plurality of absorptive regions are formed in 45 
the biochemical analysis unit at a density of 100,000 or 
more per cm^. 

[0062] In a preferred aspect of the present invention, 
the plurality of absorptive regions are fonned in the bi- 
ochemical analysis unit in a regular pattern. so 
[0063] In a preferred aspect of the present invention, 
each of the plurality of through-holes is fonned substan- 
tially circular in the substrate of the biochemical analysis 
unit. 

[0064] In the present invention, in the case where the ss 
plurality of absorptive regions of the biochemical analy- 
sis unit are fonned by charging an absorptive material 
in the plurality of through-holes formed in the substrate 



and causing the absorptive material charged in the plu- 
rality of through-holes to contain receptors or ligands or 
where the plurality of absorptive regions of the biochem- 
ical analysis unit are formed by causing an absorptive 
substrate within the plurality of through-holes fonned in 
the substrate to contain receptors or ligands, the sub- 
strate of the biochemical analysis unit preferably has a 
property of attenuating radiation energy. 
[0065] In this preferred aspect of the present inven- 
tion, since the substrate of the biochemical analysis unit 
has a property of attenuating radiation energy, even In 
the case of fomiing the plurality of absorptive regions in 
the biochemical analysis unit at a high density, selec- 
tively hybridizing a substance derived from a living or- 
ganism and labeled with a radioactive labeling sub- 
stance with specific binding substances contained in the 
plurality of absorptive regions, thereby selectively labe- 
ling the plurality of absorptive regions with the radioac- 
tive labeling substance, and superposing the biochem- 
ical analysis unit and a stimulable phosphor sheet 
formed with a stimulable phosphor layer to expose the 
stimulable phosphor layer fonned in the stimulable 
phosphor sheet to the radioactive labeling substance 
selectively contained in the plurality of absorptive re- 
gions of the biochemical analysis unit, thereby recording 
radiation data in the stimulable phosphor layer of the 
stimulable phosphor sheet, electron beams (p rays) re- 
leased from the radioactive labeling substance con- 
tained in the individual absorptive regions of the bio- 
chemical analysis unit can be effectively prevented from 
scattering in the substrate of the biochemical analysis 
unit. Therefore, since It is possible to cause electron 
beams (p rays) to selectively enter a corresponding re- 
gion of the stimulable phosphor layer to expose only the 
corresponding regions of the stimulable phosphor layer 
thereto, it is possible to produce biochemical analysis 
data having an excellent quantitative characteristic with 
high resolution by scanning the plurality of thus exposed 
stimulable phosphor layer regions with a stimulating ray 
and photoelectrically detecting stimulated emission re- 
leased from the plurality of stimulable phosphor layer 
regions. 

[0066] In a prefen^ed aspeci jf the present invention, 
the substrate of the biochemical analysis unit has a 
property of reducing the energy of radiation to 1/5 or less 
when the radiation travels in the substrate by a distance 
equal to that between neighboring absorptive regions. 
[0067] In a further prefenred aspect of the present in- 
vention, the substrate of the biochemical analysis unit 
has a property of reducing the energy of radiation to 1 /1 0 
or less when the radiation travels in the substrate by a 
distance equal to that between neighboring absorptive 
regions. 

[0068] In a further preferred aspect of the present in- 
vention, the substrate of the biochemical analysis unit 
has a property of reducing the energy of radiation to 1/50 
or less when the radiation travels in the substrate by a 
distance equal to that between neighboring absorptive 
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regions. 

[0069] In a further preferred aspect of the present In- 
vention, the substrate of the biochemical analysis unit 
has a property of reducing the energy of radiation to 
1 /I GO or less when the radiation travels in the substrate s 
by a distance equal to that between neighboring absorp- 
tive regions. 

[0070] In a further preferred aspect of the present in- 
vention, the substrate of the biochemical analysis unit 
has a property of reducing the energy of radiation to 
1/500 or less when the radiation travels in the substrate 
by a distance equal to that between neighboring absorp- 
tive regions. 

[0071 ] In a further preferred aspect of the present in- 
vention, the substrate of the biochemical analysis unit 
has a property of reducing the energy of radiation to 
1/1,000 or less when the radiation travels in the sub- 
strate by a distance equal to that between neighboring 
absorptive regions. 

[0072] In the present invention, in the case where the 
plurality of absorptive regions of the biochemical analy- 
sis unit are formed by charging an absorptive material 
in the plurality of through-holes formed in the substrate 
and causing the absorptive material charged in the plu- 
rality of through-holes to contain receptors or ligands or 
where the plurality of absorptive regions of the biochem- 
ical analysis unit are fonned by causing an absorptive 
substrate within the plurality of through-holes formed in 
the substrate to contain receptors or ligands, the sub- 
strate of the biochemical analysis unit preferably has a 
property of attenuating light energy. 
[0073] In this preferred aspect of the present inven- 
tion, since the substrate of the biochemical analysis unit 
has a property of attenuating light energy, even in the 
case of fonning the plurality of absorptive regions in the 
biochemical analysis unit at a high density, selectively 
binding a substance derived from a living organism and 
labeled with a fluorescent substance or a labeling sub- 
stance which generates chemiluminescence emission 
when it contacts a chemiluminescent substrate. Irradi- 
ating the plurality of absorptive regions with a stimulat- 
ing ray or bringing the plurality of absorptive regions into 
contact with a chemiluminescent substrate, and photo- 
electrically detecting fluorescence emission or chemilu- 
minescence emission released from the plurality of ab- 
sorptive regions to produce biochemical analysis data, 
fluorescence emission or chemiluminescence emission 
released from a particular absorptive region of the bio- 
chemical analysis unit can be effectively prevented from 
scattering in the substrate of the biochemical analysis 
unit and mixing fluorescence emission or chemilumines- 
cence emission released from neighboring absorptive 
regions. Therefore, it is possible to produce biochemical 
analysis data having an excellent quantitative charac- 
teristic by photoelectrically detecting fluorescence emis- 
sion or chemiluminescence emission released from the 
plurality of absorptive regions of the biochemical analy- 
sis unit. 



[0074] In a preferred aspect of the present invention, 
the substrate of the biochemical analysis unit has a 
property of reducing the energy of light to 1/5 or less 
when the light travels in the substrate by a distance 
equal to that between neighboring absorptive regions. 
[0075] In a further preferred aspect of the present In- 
vention, the substrate of the biochemical analysis unit 
has a property of reducing the energy of light to 1/1 0 or 
less when the light travels in the substrate by a distance 
equal to that between neighboring absorptive regions. 
[0076] In a further preferred aspect of the present in- 
vention, the substrate of the biochemical analysis unit 
has a property of reducing the energy of light to 1/50 or 
less when the light travels in the substrate by a distance 
equal to that between neighboring absorptive regions. 
[0077] In a further preferred aspect of the present in- 
vention, the substrate of the biochemical analysis unit 
has a property of reducing the energy of light to 1/100 
or less when the light travels in the substrate by a dis- 
tance equal to that between neighboring absorptive re- 
gions. 

[0078] In a further preferred aspect of the present in- 
vention, the substrate of the biochemical analysis unit 
has a property of reducing the energy of light to 1/500 
or less when the light travels in the substrate by a dis- 
tance equal to that between neighboring absorptive re- 
gions. 

[0079] In a further pretended aspect of the present In- 
vention, the substrate of the biochemical analysis unit 
has a property of reducing the energy of light to 1/1 ,000 
or less when the light travels in the substrate by a dis- 
tance equal to that between neighboring absorptive re- 
gions. 

[0080] In the present invention, in the case where the 
plurality of absorptive regions of the biochemical analy- 
sis unit are fonned by charging an absorptive material 
in the plurality of through-holes fonned in the substrate 
and causing the absorptive material charged in the plu- 
rality of through-holes to contain receptors or ligands or 
where the plurality of absorptive regions of the biochem- 
ical analysis unit are formed by causing an absorptive 
substrate within the plurality of through-holes fonned in 
the substrate to contain receptors or ligands. Material 
for forming the substrate of the biochemical analysis unit 
preferably has a property of attenuating radiation energy 
and/or light energy but is not particulariy limited. The 
material for forming the substrate of the biochemical 
analysis unit may be any type of inorganic compound 
material or organic compound material and the sub- 
strate of the biochemical analysis unit can preferably be 
formed of a metal material, a ceramic material or a plas- 
tic material. 

[0081] In the present invention, in the case where the 
plurality of absorptive regions of the biochemical analy- 
sis unit are fonned by charging an absorptive material 
in the plurality of through-holes fonned in the substrate 
and causing the absorptive material charged in the plu- 
rality of through-holes to contain receptors or ligands or 
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where the plurality of absorptive regions of the biochem- 
ical analysis unit are formed by causing an absorptive 
substrate within the plurality of through-holes formed in 
the substrate to contain receptors or ligands, illustrative 
examples of inorganic compound materials preferably 
usable for f orniing the substrate of the biochemical anal- 
ysis unit in the present invention include metals such as 
gold, silver, copper, zinc, aluminum, titanium, tantalum, 
chromium, iron, nickel, cobalt, lead, tin, selenium and 
the like; alloys such as brass, stainless steel, bronze and 
the like; silicon materials such as silicon, amorphous sil- 
icon, glass, quartz, silicon carbide, silicon nitride and the 
like; metal oxides such as aluminum oxide, magnesium 
oxide, zirconium oxide and the like; and inorganic salts 
such as tungsten carbide, calcium carbide, calcium sul- 
fate, hydroxy apatite, gallium arsenide and the like. 
These may have either a monocrystal structure or a 
polycrystal sintered structure such as amorphous, ce- 
ramic or the like, 

[0082] In the present invention, in the case where the 
plurality of absorptive regions of the biochemical analy- 
sis unit are fonned by charging an absorptive material 
in the plurality of through-holes formed in the substrate 
and causing the absorptive material charged in the plu- 
rality of through-holes to contain receptors or ligands or 
where the plurality of absorptive regions of the biochem- 
ical analysis unit are formed by causing an absorptive 
substrate within the plurality of through -holes formed in 
the substrate to contain receptors or ligands, a high mo- 
lecular compound can preferably be used as an organic 
compound material preferably usable for fonning the 
substrate of the biochemical analysis unit. Illustrative 
examples of high molecular compounds preferably us- 
able for forming the substrate of the biochemical analy- 
sis unit in the present invention include poly olefins such 
as polyethylene, polypropylene and the like; acrylic res- 
ins such as polymethyl methacrylate, polybutylacrylate/ 
polymethyl methacrylate copolymer and the like; poly- 
acrylonitrile; polyvinyl chloride; polyvlnylidene chloride; 
polyvinylidene fluoride; polytetrafluoroethylene; poly- 
chlorotrifluoroethylene; polycarbonate; polyesters such 
as polyethylene naphthalate, polyethylene terephtha- 
late and the like; nylons such as nyi; n-6, nylon-6,6, ny- 
lon-4,10 and the like; polyimide; polysulfone; polyphe- 
nylene sulfide; silicon resins such as polydlphenyi si- 
loxane and the like; phenol resins such as novolac and 
the like; epoxy resin; polyurethane; polystyrene, butadi- 
ene-styrene copolymer; polysaccharides such as cellu- 
lose, acetyl cellulose, nitrocellulose, starch, calcium al- 
ginate, hydroxypropyl methyl cellulose and the like; chi- 
tin; chitosan; urushi (Japanese lacquer); polyamides 
such as gelatin, collagen, keratin and the like; and co- 
polymers of these high molecular materials. These may 
be a composite compound, and metal oxide particles, 
glass fiber or the like may be added thereto as occasion 
demands. Further, an organic compound material may 
be blended therewith. 

[0083] Since the capability of attenuating radiation en- 



ergy generally increases as specific gravity increases, 
in the case where the plurality of absorptive regions of 
the biochemical analysis unit are formed by charging an 
absorptive material in the plurality of through-holes 

5 formed in the substrate and causing the absorptive ma- 
terial charged in the plurality of through-holes to contain 
receptors or ligands or where the plurality of absorptive 
regions of the biochemical analysis unit are fomied by 
causing an absorptive substrate within the plurality of 

10 through-holes formed in the substrate to contain recep- 
tors or ligands, the substrate of the biochemical analysis 
unit is preferably formed of a compound material or a 
composite material having specific gravity of 1 .0 g/crn^ 
or more and more preferably formed of a compound ma- 

15 terial or a composite material having specific gravity of 
1 .5 g/cm^ to 23 g/cm^. 

[0084] Further, since the capability of attenuating light 
energy generally increases as scattering and/or absorp- 
tion of light increases, in the case where the plurality of 

20 absorptive regions of the biochemical analysis unit are 
formed by charging an absorptive material in the plural- 
ity of through-holes formed in the substrate and causing 
the absorptive material charged in the plurality of 
through-holes to contain receptors or ligands or where 

25 the plurality of absorptive regions of the biochemical 
analysis unit are fomned by causing an absorptive sub- 
strate within the plurality of through-holes formed in the 
substrate to contain receptors or ligands. the substrate 
of the biochemical analysis unit preferably has absorb- 

30 ance of 0.3 per cm (thickness) or more and more pref- 
erably has absori^ance of 1 per cm (thickness) or more. 
The absorbance can be detennined by placing an inte- 
grating sphere immediately behind a platelike member 
having a thickness of T cm, measuring an amount A of 

35 transmitted light at a wavelength of probe light or emis- 
sion light used for measurement by a spectrophotome- 
ter, and calculating A/T. In the present invention, a light 
scattering substance or a light absorbing substance 
may be added to the substrate of the biochemical anal- 

40 ysis unit in order to improve the capability of attenuating 
light energy. Particles of a material different from a ma- 
terial forming the substrate of the biochemical analysis 
unit may be preferably used as a light sc;-ittering sub- 
stance and a pigment or dye may be preferably used as 

^5 a light absorbing substance. 

[0085] In another prefenred aspect of the present in- 
vention, the biochemical analysis unit includes an ab- 
sorptive substrate formed of an absorptive material and 
the plurality of absorptive regions are fonned by causing 

50 different positions of the absorptive substrate to contain 
receptors or ligands. 

[0086] In the present invention, a porous material or 
a fiber material may be preferably used as the absorp- 
tive material for forming the absorptive regions or the 
55 absorptive substrate of the biochemical analysis unit. 
The absorptive regions or the absorptive substrate may 
be formed by combining a porous material and a fiber 
material. 
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[0087] In the present invention, a porous material for 
forming the absorptive regions or the absorptive sub- 
strate of the biochemical analysis unit may be any type 
of an organic material or an Inorganic material and may 
be an organic/inorganic composite material. 
[0088] In the present Invention, an organic porous 
material used for forming the absorptive regions or the 
absorptive substrate of the biochemical analysis unit is 
not particularly limited but a carbon porous material 
such as an activated carbon or a porous material capa- 
ble of fomning a membrane filter Is preferably used. Il- 
lustrative examples of porous materials capable of form- 
ing a membrane filter Include nylons such as nylon-6, 
nylon-6,6, nylon-4,10; cellulose derivatives such as ni- 
trocellulose, acetyl cellulose, butyric-acetyl cellulose; 
collagen; alginic acids such as alglnic acid, calcium al- 
ginate, alginic acid/poly-L-lyslne polyionic complex; 
polyoleflns such as polyethylene, polypropylene; poly- 
vinyl chloride; polyvinylidene chloride; polyfluoride such 
as polyvinylidene fluoride, polytetrafluoride; and copol- 
ymers or composite materials thereof. 
[0089] In the present invention, an inorganic porous 
material used for forming the absorptive regions or the 
absorptive substrate of the biochemical analysis unit is 
not particularly limited. Illustrative examples of inorganic 
porous materials preferably usable in the present inven- 
tion Include metals such as platinum, gold, iron, silver, 
nickel, aluminum and the like; metal oxides such as alu- 
mina, silica, titania, zeolite and the like; metal salts such 
as hydroxy apatite, calcium sulfate and the like; and 
composite materials thereof. 

[0090] In the present invention, a fiber material used 
for forming the absorptive regions or the absorptive sub- 
strate of the biochemical analysis unit is not particularly 

limited. Illustrative examples of fiber materials prefera- 
bly usable in the present Invention include nylons such 
as nylon-6, nylon-6,6, nylon-4,10; and cellulose deriva- 
tives such as nitrocellulose, acetyl cellulose, butyric- 
acetyl cellulose. 

[0091] In the present invention, the absorptive regions 
of the biochemrcai analysis unit may be fomied using 
an oxidization process such as an electrolytic process, 
a plasma process, an arc discharge process or the like; 
a primer process using a sllane coupling agent, titanium 
coupling agent or the like; and a surface-active agent 
process or the like. 

[0092] The above and other objects of the present in- 
vention can be also accomplished by a reactor for con- 
ducting a receptor-ligand association reaction compris- 
ing a reaction vessel covered by a jacket whose tem- 
perature can be controlled and provided with a biochem- 
ical analysis unit holding section for holding a biochem- 
ical analysis unit formed with a plurality of absorptive 
regions spaced apart from each other and containing 
receptors or ligands, and a reaction solution force-feed- 
ing means for forcibly feeding a reaction solution con- 
taining a ligand or receptor labeled with a labeling sub- 
stance so as to cut through the plurality of absorptive 



regions of the biochemical analysis unit held by the bi- 
ochemical analysis unit holding section. 
[0093] According to the present invention, since the 
reactor for conducting a receptor-ligand association re- 

5 action comprises a reaction vessel covered by a jacket 
whose temperature can be controlled and provided with 
a biochemical analysis unit holding section for holding 
a biochemical analysis unit formed with a plurality of ab- 
sorptive regions spaced apart from each other and con- 

10 taining receptors or ligands, and a reaction solution 
force-feeding means for forcibly feeding a reaction so- 
lution containing a llgand or receptor labeled with a la- 
beling substance so as to cut through the plurality of ab- 
sorptive regions of the biochemical analysis unit held by 

15 the biochemical analysis unit holding section, it is pos- 
sible to markedly increase the moving rate of the ligand 
or receptor through the plurality of absorptive regions of 
the biochemical analysis unit by setting the biochemical 
analysis unit fomried with the plurality of absorptive re- 

20 gions spaced apart from each other and containing re- 
ceptors or ligands at the biochemical analysis unit hold- 
ing section and forcibly feeding the reaction solution 
containing a ligand or receptor labeled with a labeling 
substance so as to cut through the plurality of absorptive 

25 regions of the biochemical analysis unit held by the bi- 
ochemical analysis unit holding section with the reaction 
solution force-feeding means. Therefore, since it is pos- 
sible to markedly increase the reaction rate of associa- 
tion of the receptors or ligands contained in the plurality 

30 of absorptive regions of the biochemical analysis unit 
and the ligand or receptor contained in the reaction so- 
lution and to markedly increase the possibility of asso- 
ciation of the ligand or receptor contained in the reaction 
solution with the receptors or ligands fixed In deep por- 

35 tlons of the plurality of absorptive regions of the bio- 
chemical analysis unit, the ligand or receptor contained 
in the reaction solution can be associated with the re- 
ceptors or ligands fixed in the plurality of absorptive re- 
gions of the biochemical analysis unit in a desired man- 

40 ner. 

[0094] Further according to the present invention, the 
reaction vessel of the reactor is covered by the jacket 
whose temperature can be controlled, It is possible to 
markedly increase the reaction rate of association of the 

45 receptors or ligands contained in the plurality of absorp- 
tive regions of the biochemical analysis unit and the lig- 
and or receptor contained in the reaction solution. 
[0095] In a preferred aspect of the present invention, 
the reactor for conducting a receptor-ligand association 

50 reaction further includes a solution circulation passage 
connected to the reaction vessel for recycling the reac- 
tion solution into the reaction vessel and a filter provided 
in the solution circulation passage. 
[0096] According to this preferred aspect of the 

55 present invention, since a solution circulation passage 
is connected to the reaction vessel for recycling the re- 
action solution into the reaction vessel and a filter is pro- 
vided In the solution circulation passage, it is possible 
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to remove substances which have not yet dissolved in 
the reaction solution, deposits and the like by the filter. 
Therefore, since it is possible to markedly increase the 
moving rate oftheligand or receptor through the plurality 
of absorptive regions of the biochemical analysis unit 
while also reliably preventing the absorptive regions of 
the biochemical analysis unit from being clogged with 
substances which have not yet dissolved in the reaction 
solution, deposits and the like, it is possible to markedly 
increase the reaction rate of association of the receptors 
or ligands contained in the plurality of absorptive regions 
of the biochemical analysis unit and the Ngand or recep- 
tor contained in the reaction solution and to markedly 
increase the possibility of association of the ligand or 
receptor contained in the reaction solution with the re- 
ceptors or ligands fixed in deep portions of the plurality 
of absorptive regions of the biochemical analysis unit. 
Accordingly, the ligand or receptor contained In the re- 
action solution can be associated with the receptors or 
ligands fixed in the plurality of absorptive regions of the 
biochemical analysis unit in a desired manner. 
[0097] I n a further preferred aspect of the present in- 
vention, the reactor for conducting a receptor-ligand as- 
sociation reaction further includes a static mixer provid- 
ed in the solution circulation passage. 
[0098] According to this preferred aspect of the 
present invention, since a static mixer is provided in the 
solution circulation passage, it is possible to uniformly 
mix the reaction solution by the static mixer so as to uni- 
formly feed the reaction solution to the plurality of ab- 
sorptive regions fomied in the biochemical analysis unit 
and therefore, the ligand or receptor contained in the 
reaction solution can be associated with the receptors 
or ligands fixed in the plurality of absorptive regions of 
the biochemical analysis unit in a desired manner 
[0099] in a further preferred aspect of the present in- 
vention, the reaction solution force-feeding means is 
constituted as a pump. 

[0100] In another preferred aspect of the present in- 
vention, the reaction solution force-feeding means is 
constituted so as to forcibly feed the reaction solution to 

cut through the plurality of absorptive regions formed in 
the biochemical analysis unit alternately in different di- 
rections. 

[0101] According to this preferred aspect of the 
present Invention, since the reaction solution force- 
feeding means is constituted so as to forcibly feed the 
reaction solution to cut through the plurality of absorp- 
tive regions formed in the biochemical analysis unit al- 
ternately in different directions, it is possible to markedly 
increase the moving rate of the ligand or receptor 
through the plurality of absorptive regions of the bio- 
chemical analysis unit. Therefore, since it is possible to 
markedly increase the reaction rate of association of the 
receptors or ligands contained in the plurality of absorp- 
tive regions of the biochemical analysis unit and the lig- 
and or receptor contained in the reaction solution and 
to markedly increase the possibility of association of the 



ligand or receptor contained in the reaction solution with 
the receptors or ligands fixed in deep portions of the plu- 
rality of absorptive regions of the biochemical analysis 
unit, the ligand or receptor contained in the reaction so- 
5 lution can be associated with the receptors or ligands 
fixed in the plurality of absorptive regions of the bio- 
chemical analysis unit in a desired manner. 
[0102] In a further preferred aspect of the present in- 
vention, a pair of solution passages are further connect- 
to ed to the reaction vessel one on either side of the bio- 
chemical analysis unit held in the reaction vessel and a 
static mixer is provided in each of the solution passages. 
[0103] According to this prefen-ed aspect of the 
present invention, since a pair of solution passages are 
15 further connected to the reaction vessel one on either 
side of the biochemical analysis unit held in the reaction 
vessel and a static mixer is provided In each of the so- 
lution passages, it is possible to uniformly mix the reac- 
tion solution by the static mixer so as to uniformly feed 
the reaction solution to the plurality of absorptive regions 
formed in the biochemical analysis unit and therefore, 
the ligand or receptor contained in the reaction solution 
can be associated with the receptors or ligands fixed in 
the plurality of absorptive regions of the biochemical 
analysis unit in a desired manner. 
[01 04] In a further preferred aspect of the present in- 
vention, the reaction solution force-feeding means is 
constituted as a syringe provided with a piston. 
[0105] The above and other objects and features of 
the present invention will become apparent from the fol- 
lowing description made with reference to the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0106] 

Figure 1 is a schematic perspective view showing 
a biochemical analysis unit used in a method for 
conducting a receptor-ligand association reaction 
which Is a preferred embodiment of the present in- 
vention. 

Figure 2 is a schematic front view showing a spot- 
ting device. 

Figure 3 is a schematic longitudinal cross sectional 
view showing a reactor used for conducting a re- 
ceptor-ligand association reaction which is a pre- 
ferred embodiment of the present invention. 
Figure 4 is a schematic perspective view showing 
a stimulable phosphor sheet. 
Figure 5 is a schematic cross-sectional view show- 
ing a method for exposing a number of stimulable 
phosphor layer regions formed in a stimulable phos- 
phor sheet to a radioactive labeling substance con- 
tained in a number of absorptive regions formed in 
a biochemical analysis unit. 
Figure 6 is a schematic view showing a scanner for 
reading radiation data of a radioactive labeling sub- 
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stance recorded in a number of stimulable phos- 
phor layer regions fornned in a stimulable phosphor 
sheet and fluorescence data recorded in a number 
of absorptive regions fomied In a biochemical anal- 
ysis unit to produce biochemical analysis data. 
Figure 7 is a schematic perspective view showing 
details in the vicinity of a photomultiplier of a scan- 
ner shown in Figure 6. 

Figure 8 is a schematic cross-sectional view taken 
along a line A-A in Figure 7. 
Figure 9 is a schematic cross-sectional view taken 
along a line B-B in Figure 7. 
Figure 1 0 is a schematic cross-sectional view taken 
along a line C-C in Figure 7. 
Figure 1 1 is a schematic cross-sectional view taken 
along a line D-D In Figure 7. 
Figure 1 2 is a schematic plan view showing a scan- 
ning mechanism of an optical head. 
Figure 1 3 is a block diagram of a control system, an 
input system, a drive system and a detection sys- 
tem of the scanner shown in Figure 7. 
Figure 1 4 is a schematic front view showing a data 
producing system for reading chemiluminescence 
data recorded in a number of the absorptive regions 
formed in a biochemical analysis unit, and produc- 
ing biochemical analysis data. 
Figure 1 5 is a schematic longitudinal cross section- 
al view showing a cooled CCD camera of a data 
producing system. 

Figure 16 is a schematic vertical cross sectional 
view showing a dark box of a data producing sys- 
tem. 

Figure 1 7 Is a block diagram of a personal computer 
of a data producing system and peripheral devices 
thereof. 

Figure 1 8 is a schematic longitudinal cross-section- 
al view showing an reactor used for conducting a 
receptor-ligand association reaction, which is an- 
other pretended embodiment of the present Inven- 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[01 07] Figure 1 is a schematic perspective view show- 
ing a biochemical analysis unit used In a method for con- 
ducting a receptor- 1 igand association reaction which is 
a preferred embodiment of the present invention. 
[0108] As shown in Figure 1, a biochemical analysis 
unit 1 includes a substrate 2 made of stainless steel and 
fomied with a number of substantially circular through- 
holes 3 at a high density and a number of dot-like ab- 
sorptive regions 4 are formed by charging nylon-6, 6 in 
a number of the through-holes 3. 
[0109] Although not accurately shown in Figure 1, in 
this embodiment, the substantially circular through- 
holes 3 having a size of about 0.01 mm^ are regularly 
fomned in the substrate 2 In the manner of a matrix of 



1 20 columns x 1 60 lines and, therefore, 1 9,200 absorp- 
tive regions 4 are fonned. A number of absorptive re- 
gions 4 are formed by charging nylon-6, 6 in the through- 
holes 3 formed in the substrate in such a manner that 

5 the surfaces of the absorptive regions 4 are located at 
the same height level as that of the substrate. 
[01 10] When biochemical analysis is to be performed, 
a solution containing specific binding substances such 
as a plurality of cDNAs whose sequences are known but 

^0 differ from each other are spotted using a spotting de- 
vice onto a number of the absorptive regions 4 of the 
biochemical analysis unit 1 and the specific binding sub- 
stances are absorbed therein. 
[0111] Figure 2 is a schematic front view showing a 
spotting device. 

[0112] As shown in Figure 2, the spotting device in- 
cludes an Injector 5 for ejecting a solution of specific 
binding substances toward the biochemical analysis 
unit 1 and a CCD camera 6 and is constituted so that 

20 the solution of specific binding substances such as cD- 
NAs each of which has a known base sequence and is 
different from the others are spotted from the Injector 6 
when the tip end portion of the injector 5 and the center 
of the absorptive region 4 into which the solution con- 

25 taining specific binding substances is to be spotted are 
determined to coincide with each other as a result of 
viewing them using the CCD camera 6, thereby ensur- 
ing that the solution of specific binding substances can 
be accurately spotted Into a number of the dot-like ab- 

30 sorptive regions 4 of the biochemical analysis unit 1 . 
[0113] A substance derived from a living organism 
and labeled with a labeling substance is then hybridized 
with the specific binding substances such as cDNAs ab- 
sorbed in a number of the absorptive regions 4 fonned 

35 in the substrate 2 of the biochemical analysis unit 1 . 
[01 1 4] Figure 3 Is a schematic longitudinal cross sec- 
tional view showing a reactor used for conducting a re- 
ceptor-ligand association reaction which is a preferred 
embodiment of the present invention. 

40 [01 15] As shown in Figure 3, the reactor according to 
this embodiment comprises a reaction vessel 8 includ- 
ing a main body Ba equipped with a biochemica! analy- 
sis unit holding section 7 for holding the bi. '-3mical 
analysis unit 1 , and an upper half portion 8b and a lower 
half portion 8c. The biochemical analysis unit holding 
section 7 Is constituted so as to be able to prevent leak- 
age of a liquid. 

[0116] As shown in Figure 3, a substantially center 
portion of the upper half portion 8b of the reaction vessel 
50 8 is formed with a solution flow-out opening 9 and a sub- 
stantially center portion of the lower half portion 8c of 
the reaction vessel 8 is formed with a solution flow-in 
opening 10. 

[0117] A solution circulation pipe 11 is detachably 
55 mounted on the solution flow-out opening 9 and the so- 
lution flow-in opening 10. 

[0118] As shown in Figure 3, a booster pump 12, a 
static mixer 1 3 and a filter 1 4 are provided in the solution 
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circulation pipe 11. 

[0119] Further, as shown In Figure 3, the periphery of 
the reaction vessel 8 is covered with a jacket 15 and a 
wanri water circulation pipe 1 6 is connected to the jacket 
15. Wamri water which has been heated by a heater 17 
provided In the warm water circulation pipe 16 so as to 
have a predetermined temperature is supplied by a 
pump 1 8 into the jacket 1 5, thereby controlling the tem- 
perature inside of the reaction vessel 8 within a prede- 
termined temperature range. 
[0120] In the thus constituted reactor according to this 
embodiment, a substance derived from a living body, la- 
beled with a labeling substance and contained in a hy- 
bridization reaction solution selectively hybridizes spe- 
cific binding substances contained in a number of the 
absorptive regions 4 of the biochemical analysis unit 1 
in the following manner 

[01 21 ] The upper half portion 8b is first removed from 
the main body 8a of the reaction vessel 8 and the bio- 
chemical analysis unit 1 formed with a number of the 
absorptive regions 4 in which specific binding substanc- 
es are absorbed is set by a user at the biochemical anal- 
ysis unit holding section 7 In the reaction vessel 8. 
[01 22] When the biochemical analysis unit 1 has been 
set at the biochemical analysis unit holding sectbn 7 in 
the reaction vessel 8 In this manner, the upper half por- 
tion 8b is mounted on the main body 8a of the reaction 
vessel 8 and a hybridization reaction solution is fed into 
the reaction vessel 8 through the solution flow-in open- 
ing 1 0 fomned in the lower half portion 8c of the reaction 
vessel 8. 

[0123] In the case where a specific binding substance 
such as cDNA is to be labeled with a radioactive labeling 
substance, a hybridization reaction solution containing 
a substance derived from a living organism and labeled 
with a radioactive labeling substance as a probe Is pre- 
pared and Is fed Into the reaction vessel 8 through the 
solution flow-in opening 10. 

[0124] Further, in the case where a specific binding 
substance such as cDNA is to be labeled with a fluores- 
cent substance, a hybridization reaction solution con- 
taining a substance derived from a living organism and 
labeled with a fluorescent substance as a probe is pre- 
pared and is fed into the reaction vessel 8 through the 
solution flow-in opening 10. 

[0125] On the other hand, in the case where a specific 
binding substance such as cDNA Is to be labeled with 
a labeling enzyme which generates chemiluminescence 
emission when it contacts a chemiluminescent sub- 
strate, a hybridization reaction solution 1 9 containing a 
substance derived from a living organism and labeled 
with a hapten such as digoxigenin as a probe is pre- 
pared and is fed into the reaction vessel 8 through the 
solution flow-in opening 1 0. 

[01 26] It is possible to prepare a hybridization reaction 
solution containing two or more substances derived 
from a living organism among a substance derived from 
a living organism and labeled with a radioactive labeling 



substance, a substance derived from a living organism 
and labeled with a fluorescent substance such as a flu- 
orescent dye and a substance derived from a living or- 
ganism and labeled with a hapten such as digoxigenin. 

5 In this embodiment, a hybridization reaction solution 
containing a substance derived from a living organism 
and labeled with a radioactive labeling substance, a 
substance derived from a living organism and labeled 
with a fluorescent substance such as a fluorescent dye 

10 and a substance derived from a living organism and la- 
beled with a hapten such as digoxigenin is prepared and 
is fed Into the reaction vessel 8 through the solution flow- 
in opening 1 0. 

[0127] When the inside of the reaction vessel 8 has 

15 been filled with the hybridization reaction solution and 
air in the reaction vessel 8 has been discharged through 
the solution flow-out opening 9, the solution circulation 
pipe 11 Is attached to the solution flow-out opening 9 
and the solution flow-in opening 10. 

20 [0128] Warm water which has been heated by the 
heater 17 so as to have a predetermined temperature 
is then supplied by the pump 18 into the jacket 15. 
[01 29] The warm water supplied into the jacket 1 5 is 
circulated through the wamn water circulation pipe 16 

25 and is again heated by the heater 1 7 so as to have the 
predetermined temperature to be fed into the jacket 1 5. 
Thus, the wann water whose temperature is adjusted to 
be the predetemriined temperature is circulated through 
the jacket 15 and the warm water circulation pipe 16. 

30 [0130] When the warm water has been recycled 
through the jacket 15 and the warm water circulation 
pipe 16 in this manner and the temperature in the reac- 
tion vessel 8 has reached a predetemiined temperature, 
the booster pump 12 is driven so that the hybridization 

35 reaction solution contained in the reaction vessel 8 is 
circulated via the solution circulation pipe 11 Into the re- 
action vessel 8 and is forcibly fed as indicated by the 
arrows A in Figure 3 so as to cut through a number of 
the absorptive regions 4 of the biochemical analysis unit 

40 1 held at the biochemical analysis unit holding section 7. 
[0131] As a result, a substance derived from a living 
organism and contained In the hybridization reaction so- 
lution Is selectively hybridized with specific binding sub- 
stances contained in a number of the absorptive regions 

45 4 of the biochemical analysis unit 1 . 

[01 32] The hybridization reaction solution flowing into 
the solution circulation pipe 11 via the solution flow-oul 
opening 9 is fed to the filter 14 provided in the solution 
circulation pipe 11 and foreign matters such as sub- 

50 stances which have not yet been dissolved and mixed 
into the hybridization reaction solution, deposits precip- 
itated from the hybridization reaction solution and the 
like are removed by the filter 14. 
[0133] The hybridization reaction solution Is then fed 

55 to the static mixer 13 and uniformly mixed therein. 
[0134] The hybridization reaction solution which has 
been mixed by the static mixer 13 so that the concen- 
tration of a substance derived from a living organism is 
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made uniform is recycled into the reaction vessel 8 and 
is forcibly fed as indicated by the arrows A in Figure 3 
so as to cut through a number of the absorptive regions 
4 of the biochemical analysis unit 1 held at the biochem- 
ical analysis unit holding section 7. 
[0135] While the hybridization reaction is being per- 
formed, the wami water is constantly supplied into the 
jacket 15 so that the temperature in the reaction vessel 
8 is maintained within a predetemiined temperature 
range, thereby facilitating the hybridization reaction. 
[0136] In this manner, in this embodiment, since the 
hybridization reaction solution contained in the reaction 
vessel 8 is forcibly and repeatedly fed so as to cut 
through a number of the absorptive regions 4 formed in 
the substrate 2 of the biochemical analysis unit 1 held 
at the biochemical analysis unit holding section 7 while 
the temperature in the reaction vessel 8 Is maintained 
within a predetermined temperature range, it is possible 
to markedly increase the moving rate of a substance de- 
rived from a living organism and contained in the hybrid- 
ization reaction solution through the absorptive regions 
4 of the biochemical analysis unit 1 in comparison with 
the case of moving a substance derived from a living 
organism and contained in the hybridization reaction so- 
lution only by convection or diffusion and hybridizing 
specific binding substances. Therefore, since it is pos- 
sible to markedly Increase the reaction rate of hybridi- 
zation and it Is possible to markedly increase the possi- 
bility of association of the substance derived from a liv- 
ing organism and contained in the hybridization reaction 
solution with the specific binding substances contained 
in deep portions of a number of the absorptive regions 
4 of the biochemical analysis unit 1 , the substance de- 
rived from a living organism and contained in the hybrid- 
ization reaction solution can be hybridized with the spe- 
cific binding substances fixed in a number of the absorp- 
tive regions 4 of the blochemrcal analysis unit 1 In a de- 
sired manner 

[01 37] Further, in this embodiment, since foreign mat- 
ters such as substances which have not yet been dis- 
solved and mixed Into the hybridization reaction solu- 
tion, deposits precipitated into the hybridization reaction 
solution and the like are removed by the filter 1 4 provid- 
ed in the solution circulation pipe 11 , it is possible to re- 
liably prevent part or all of a number of the absorptive 
regions 4 fonned In the substrate 2 of the biochemical 
analysis unit 1 from being clogged with foreign matters 
such as substances which have not yet been dissolved 
and mixed into the hybridization reaction solution, de- 
posits precipitated from the hybridization reaction solu- 
tion and the like. Therefore, the substance derived from 
a living organism and contained in the hybridization re- 
action solution can be hybridized with the specific bind- 
ing substances fixed in a number of the absorptive re- 
gions 4 of the biochemical analysis unit 1 in a desired 
manner. 

[01 38] Furthermore, in this embodiment, since the hy- 
bridization reaction solution which has been mixed by 



the static mixer 13 provided in the solution circulating 
pipe 1 1 so that the concentration of a substance derived 
from a living organism is made uniform therein is recy- 
cled into the reaction vessel 8, it is possible to uniformly 

5 feed a substance derived from a living organism and 
contained in the hybridization reaction solution to a 
number of the absorptive regions 4 fonned in the sub- 
strate 2 of the biochemical analysis unit 1 and, therefore, 
the substance derived from a living organism and con- 

10 tained in the hybridization reaction solution can be hy- 
bridized with the specific binding substances fixed In a 
number of the absorptive regions 4 of the biochemical 
analysis unit 1 in a desired manner 
[0139] When a predetemiined time period has passed 

IS In this manner, the booster pump 1 2 Is stopped and the 
hybridization reaction is completed. 
[0140] When the hybridization reaction has been 
completed, the solution circulation pipe 11 is removed 
from the solution flow-out opening 9 and the solution 

20 flow-in opening 10 and the hybridization reaction solu- 
tion is discharged from the reaction vessel 8. 
[0141] When the discharge of the hybridization reac- 
tion solution from the reaction vessel 8 has been com- 
pleted, a cleaning solution is fed into the reaction vessel 

25 8 through the solution flow-in opening 1 0. 

[0142] When the inside of the reaction vessel 8 has 
been filled with the cleaning solution, the solution circu- 
lation pipe 11 is attached to the solution flow-out opening 
9 and the solution flow-in opening 10. 

30 [01 43] The booster pump 1 2 is then driven so that the 
cleaning solution contained in the reaction vessel 8 is 
circulated via the solution circulation pipe 1 1 into the re- 
action vessel 8 and is forcibly fed as indicated by the 
arrows A in Figure 3 so as to cut through a number of 

35 the absorptive regions 4 of the biochemical analysis unit 
1 held at the biochemical analysis unit holding section 7. 
[0144] As a result, a number of the absorptive regions 
4 fonned in the substrate 2 of the biochemical analysis 
unit 1 held at the biochemical analysis unit holding sec- 

40 tion 7 are cleaned with the cleaning solution. 

[0145] The cleaning solution flowing Into the solution 
circulation pipe 11 via the solution flow-out opening 9 is 
fed to the filter 14 provided In .he solution circulation 
pipe 11 and foreign matters such as substances which 

45 have not yet been dissolved and mixed Into the cleaning 
solution, deposits precipitated Into the cleaning solution 
and the like are removed by the filter 14. 
[0146] The cleaning solution is then fed to the static 
mixer 13 and uniformly mixed therein. 

50 [0147] The cleaning solution uniformly mixed by the 
static mixer 13 is recycled Into the reaction vessel 8 and 
Is forcibly fed as indicated by the arrows A in Figure 3 
so as to cut through a number of the absorptive regions 
4 of the biochemical analysis unit 1 held at the blochem- 

55 ical analysis unit holding section 7. 

[0148] While the cleaning operation is being per- 
formed, the warm water Is constantly supplied into the 
jacket 15 so that the temperature in the reaction vessel 
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8 is maintained within a predetemnlned temperature 
range, thereby facilitating the cleaning operation. 
[0149] In this manner, in this embodiment, since the 
cleaning solution contained in the reaction vessel 8 is 
forcibly and repeatedly fed so as to cut through a 5 
number of the absorptive regions 4 fonned in the sub- 
strate 2 of the biochemical analysis unit 1 held at the 
biochemical analysis unit holding section 7 while the 
temperature in the reaction vessel 8 is maintained within 
a predetermined temperature range, even if a sub- io 
stance derived from a living organism which should not 
be hybridized with specific binding substances ab- 
sorbed in the absorptive regions 4 fonmed in the sub- 
strate 2 of the biochemical analysis unit 1 has been ab- 
sorbed in the absorptive regions 4 during the process of is 
hybridization, It is possible to efficiently peel off and re- 
move the substance derived from a living organism 
which should not be hybridized with specific binding 
substances absorbed in the absorptive regions 4 from 
a number of the absorptive regions 4 of the biochemical 20 
analysis unit 1 and therefore, it is possible to markedly 
improve the efficiency of the cleaning operation. 
[01 50] When a predetennined time period has passed 
in this manner the booster pump 12 is stopped and the 
operation for cleaning a number of the absorptive re- 25 
gions 4 fonned in the substrate 2 of the biochemical 
analysis unit 1 is completed. 

[0151] When the cleaning operation has been com- 
pleted, the solution circulation pipe 11 is removed from 

the solution flow-out opening 9 and the solution flow-in 30 
opening 1 0 and the cleaning solution is discharged from 
the reaction vessel 8. 

[01 52] As described above, radiation data of a radio- 
active labeling substance and a fluorescence data of a 
fluorescent substance such as a fluorescent dye are re- 35 
corded in a number of the absorptive regions 4 formed 
in the substrate 2 of the biochemical analysis unit 1 . 
[0153] The fluorescence data recorded in a number 
of the absorptive regions 4 of the biochemical analysis 
unit 1 are read by a scanner described later and bio- ^^o 
chemical analysis data are produced. 
[0154] On the other hand, radiation data recorded in 
a number of the absorptive regions 4 of the biochemical 
analysis unit 1 are transferred onto a stimulable phos- 
phor sheet described later and read by a scanner de- ^5 
scribed later, thereby producing biochemical analysis 
data. 

[0155] To the contrary, in order to record chemilumi- 
nescence data in a number of the absorptive regions 4 
formed in the substrate 2 of the biochemical analysis so 
unit 1, an antibody solution containing an antibody to the 
hapten such as digoxigcnin labeled with an enzyme 
which generates chemiluminescence emission when it 
contacts a chemiluminescent substrate is further pre- 
pared and fed into the reaction vessel 8 and the antibody ss 
to the hapten such as digoxigenin labeled with an en- 
zyme which generates chemiluminescence emission 
when it contacts a chemiluminescent substrate is bound 



with the hapten such as digoxigenin labeling a sub- 
stance derived from a living organism selectively hybrid- 
ized with specific binding substances absorbed in a 
number of the absorptive regions 4 formed in the sub- 
strate 2 of the biochemical analysis unit 1 by the an an- 
tigen-antibody reaction. 

[01 56] Specifically, an antibody solution containing an 
antibody to the hapten such as digoxigenin labeled with 
an enzyme which generates chemiluminescence emis- 
sion when It contacts a chemiluminescent substrate is 
first prepared and is fed into the reaction vessel 8 
through the solution flow-in opening 10. 
[0157] When the inside of the reaction vessel 8 has 
been filled with the antibody solution, the solution circu- 
lation pipe 1 1 is attached to the solution flow-out opening 
9 and the solution flow-in opening 1 0. 
[01 58] The booster pump 1 2 Is then driven so that the 
antibody solution contained In the reaction vessel 8 Is 
circulated via the solution circulation pipe 11 into the re- 
action vessel 8 and is forcibly fed as indicated by the 
arrows A in Figure 3 so as to cut through a number of 
the absorptive regions 4 of the biochemical analysis unit 
1 held at the biochemical analysis unit holding section 7. 
[0159] As a result, an antibody to the hapten labeled 
with an enzyme which generates chemiluminescence 
emission when it contacts a chemiluminescent sub- 
strate is bonded by an antigen-antibody reaction with a 
hapten labeling a substance derived from a living organ- 
ism and selectively hybridized with specific biding sub- 
stances absorbed in a number of the absorptive regions 
4 fomied in the substrate 2 of the biochemical analysis 
unit 1 . 

[0160] The antibody solution flowing into the solution 
circulation pipe 11 via the solution flow-out opening 9 is 
fed to the filter 14 provided in the solution circulation 
pipe 11 and foreign matters such as substances which 
have not yet been dissolved and mixed into the antibody 
solution, deposits precipitated into the antibody solution 
and the like are removed by the filter 14. 
[0161] The antibody solution is then fed to the static 
mixer 13 and unifonnly mixed therein. 
[0162] The antibody solution which has been mixed 
by the static mixer 1 3 so that the concentration of an 
antibody is made uniform is recycled into the reaction 
vessel 8 and is forcibly fed as indicated by the arrows A 
In Figure 3 so as to cut through a number of the absorp- 
tive regions 4 of the biochemical analysis unit 1 held at 
the biochemical analysis unit holding section 7. 
[0163] While the antigen-antibody reaction is being 
performed, the warm water is constantly supplied into 
the jacket 1 5 so that the temperature in the reaction ves- 
sel 8 Is maintained within a predetermined temperature 
range, thereby facilitating the antigen-antibody reaction. 
[0164] In this manner, in this embodiment, since the 
antibody solution contained in the reaction vessel 8 is 
forcibly and repeatedly fed so as to cut through a 
number of the absorptive regions 4 formed in the sub- 
strate 2 of the biochemical analysis unit 1 held at the 
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biochemical analysis unit holding section 7 while the 
temperature in the reaction vessel 8 is maintained within 
a predetermined temperature range, it is possible to 
markedly increase the moving rate of an antibody con- 
tained in the antibody solution through the absorptive s 
regions 4 of the biochemical analysis unit 1 in compar- 
ison with the case of moving an antibody contained in 
the antibody solution only by convection or diffusion and 
binding a hapten. Therefore, since It Is possible to mark- 
edly increase the reaction rate of an antigen-antibody 
reaction and it is possible to markedly increase the pos- 
sibility of association of an antibody to a hapten con- 
tained In the antibody solution with the hapten labeling 
a substance derived from a living organism and selec- 
tively hybridized with specific binding substances con- 
tained In deep portions of a number of the absorptive 
regions 4 of the biochemical analysis unit 1 , the antibody 
to a hapten contained in the antibody solution can be 
bound by an antigen-antibody reaction In a desired man- 
ner with the labeling a substance derived from a living 
organism and selectively hybridized with specify bind- 
ing substances contained in the absorptive regions 4 of 
the biochemical analysis unit 1 . 

[01 65] Further, in this embodiment, since foreign mat- 
ters such as substances which have not yet been dis- 
solved and mixed into the antibody solution, deposits 
precipitated into the antibody solution and the like are 
removed by the filter 1 4, it is possible to reliably prevent 
part or all of a number of the absorptive regions 4 formed 
in the substrate 2 of the biochemical analysis unit 1 from 
being clogged with foreign matters such as substances 
which have not yet been dissolved and mixed into the 
antibody solution, deposits precipitated into the anti- 
body solution and the like. Therefore, the antibody to a 
hapten contained in the antibody solution can be bound 
by an antigen-antibody reaction in a desired manner 
with the labeling a substance derived from a living or- 
ganism and selectively hybridized with specific binding 
substances contained In the absorptive regions 4 of the 
biochemical analysis unit 1 . 

[0166] Furthermore, in this embodiment, since the an- 
tibody solution which has been mixed by the static mixer 
1 3 provided In the solution circulating pipe 1 1 so that the 
concentration of an antibody is made uniform therein is 
recycled into the reaction vessel 8, It is possible to unl- 
fonnly feed the antibody contained In the antibody solu- 
tion lo a number of the absorptive regions 4 formed in 
the substrate 2 of the biochemical analysis unit 1 and, 
therefore, the antibody to a hapten contained in the an- 
tibody solution can be bound by an antigen-antibody re- 
action in a desired manner with the labeling a substance 
derived from a living organism and selectively hybrid- 
ized with specific binding substances contained in the 
absorptive regions 4 of the biochemical analysis unit 1. 
[01 67] When a predetermined time period has passed 
in this manner the booster pump 12 is stopped and the 
antigen-antibody reaction is completed. 
[0168] When the antigen-antibody reaction has been 



completed, the solution circulation pipe 11 is removed 
from the solution flow-out opening 9 and the solution 
flow-In opening 10 and the antibody solution is dis- 
charged from the reaction vessel 8. 
[0169] When the discharge of the antibody solution 
from the reaction vessel 8 has been completed, a clean- 
ing solution is fed Into the reaction vessel 8 through the 
solution flow-in opening 10. 

[0170] When the Inside of the reaction vessel 8 has 
been filled with the cleaning solution, the solution circu- 
lation pipe 1 1 is attached to the solution flow-out opening 
9 and the solution flow-in opening 1 0. 
[0171] The booster pump 12 is then driven so that the 
cleaning solution contained in the reaction vessel 8 is 
circulated via the solution circulation pipe 11 into the re- 
action vessel 8 and Is forcibly fed as Indicated by the 
arrows A In Figure 3 so as to cut through a number of 
the absorptive regions 4 of the biochemical analysis unit 
1 held at the biochemical analysis unit holding section 7. 
[01 72] As a result, a number of the absorptive regions 
4 formed in the substrate 2 of the biochemical analysis 
unit 1 held at the biochemical analysis unit holding sec- 
tion 7 are cleaned with the cleaning solution. 
[01 73] The cleaning solution flowing into the solution 
circulation pipe 11 via the solution flow-out opening 9 is 
fed to the filter 14 provided in the solution circulation 
pipe 11 and foreign matters such as substances whteh 
have not yet been dissolved and mixed into the cleaning 
solution, deposits precipitated into the cleaning solution 
and the like are removed by the filter 1 4. 
[0174] The cleaning solution is then fed to the static 
mixer 13 and unlfonnly mixed therein. 
[0175] The cleaning solution unifonnly mixed by the 
static mixer 1 3 is recycled into the reaction vessel 8 and 
Is forcibly fed as indicated by the arrows A in Figure 3 
so as to cut through a number of the absorptive regions 
4 of the biochemical analysis unit 1 held at the biochem- 
ical analysis unit holding section 7. 
[0176] While the cleaning operation Is being per- 
formed, the warm water is constantly supplied into the 
jacket 15 so that the temperature in the reaction vessel 
8 is maintained within a predetermined temporature 
range, thereby facilitating the cleaning opera: •*".. 
[0177] In this manner, In this embodiment, since the 
cleaning solution contained in the reaction vessel 8 Is 
forcibly and repeatedly fed so as to cut through a 
number of the absorptive regions 4 formed in the sub- 
strate 2 of the biochemical analysis unit 1 held at the 
biochemical analysis unit holding section 7 while the 
temperature In the reaction vessel 8 is maintained within 
a predetermined temperature range, even If an antibody 
which should not bo bonded with the hapten labeling a 
substance derived from a living body and selectively hy- 
bridized with specific binding substances absorbed in 
the absorptive regions 4 of the biochemical analysis unit 
1 has been absorbed in the absorptive regions 4 formed 
In the substrate 2 of the biochemical analysis unit 1 dur- 
ing the process of the antigen-antibody reaction. It Is 
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possible to efficiently peel off and rennove the antibody 
which should not be bonded with the hapten from a 
number of the absorptive regions 4 of the biochemical 
analysis unit 1 and the efficiency of the cleaning opera- 
tion can be markedly improved. 
[0178] When apredetenninedtime period has passed 
in this manner the booster pump 1 2 is stopped and the 
operation for cleaning a number of the absorptive re- 
gions 4 fomned in the substrate 2 of the biochemical 
analysis unit 1 is completed. 

[0179] When the cleaning operation has been com- 
pleted, the solution circulation pipe 11 is removed from 

the solution flow-out opening 9 and the solution flow-in 
opening 1 0 and the cleaning solution is discharged from 
the reaction vessel 8. 

[0180] In this manner, chemiluminescent data are re- 
corded in a number of the absorptive regions 4 formed 
in the substrate 2 of the biochemical analysis unit 1 . 
[0181] The chemiluminescent data recorded in a 
number of the absorptive regions 4 formed in the sub- 
strate 2 of the biochemical analysis unit 1 are read by a 
cooled CCD camera of a data producing system de- 
scribed later and biochemical analysis data are pro- 
duced. 

[0182] When the discharge of the cleaning solution 
from the reaction vessel 8 has been completed, the up- 
per half portion 8b is removed from the main body 8a of 
the reaction vessel 8 and the biochemical analysis unit 
1 held at the biochemical analysis unit holding section 
7 is lifted from the reaction vessel 8 by the user 
[01 83] Figure 4 is a schematic perspective view show- 
ing a stimulable phosphor sheet. 
[0184] As shown in Figure 4, a stimulable phosphor 
sheet 20 includes a support 21 made of nickel and reg- 
ularly formed with a number of substantially circular 
through-holes 22 and a number of stimulable phosphor 
layer regions 24 are dot-like fonned by embedding stim- 
ulable phosphor in a number of the through-holes 22 
formed in the support 21 . 

[01 85] A number of the through-holes 22 are formed 
in the support 21 In the same pattern as that of a number 
of the absorptive regions 4 fonned in the substrate 2 of 
the biochemical analysis unit 1 and c^ch of a number of 
the stimulable phosphor layer regions 24 has the same 
size as that of each of a number of the absorptive re- 
gions 4 fonned in the substrate 2 of the biochemical 
analysis unit 1. 

[0186] Therefore, although not accurately shown in 
Figure 4, the 19.200 substantially circular stimulable 
phosphor layer regions 24 having a size of about 0.01 
mm2 are formed the same regular pattern as that of a 
number of the absorptive regions 4 formed in the sub- 
strate 2 of the biochemical analysis unit 1 and in the 
manner of a matrix in the support 21 of the stimulable 
phosphor sheet 20. 

[0187] In this embodiment, the stimulable phosphor 
sheet 20 is formed by embedding stimulable phosphor 
in a number of the through-holes 22 fonned in the sup- 



port 21 in such a manner that the surface of the support 
21 and the surface of each of the stimulable phosphor 
layer regions 24 are located at the same height level. 
[0188] Figure 5 is a schematic cross-sectional view 
s showing a method for exposing a number of the stimu- 
lable phosphor layer regions 24 fonned in the stimulable 
phosphor sheet 20 to a radioactive labeling substance 
contained in a number of the absorptive regions 4 
formed in the biochemical analysis unit 1 . 
10 [0189] As shown in Figure 5, when the stimulable 
phosphor layer regions 24 of the stimulable phosphor 
sheet 20 are to be exposed, the stimulable phosphor 
sheet 20 is superposed on the biochemical analysis unit 
1 in such a manner that a number of the absorptive re- 
's gions 4 formed in the biochemical analysis unit 1 face 
the corresponding stimulable phosphor layer regions 24 
fomned in the support 21 of the stimulable phosphor 
sheet 20. 

[01 90] In this manner, each of a number of the slimu- 

20 lable phosphor layer regions 24 formed in the support 
21 of the stimulable phosphor sheet 20 is kept to face 
the corresponding absorptive region 4 fonned In the bi- 
ochemical analysis unit 1 for a predetemntned time pe- 
riod, whereby a number of the stimulable phosphor layer 

25 regions 24 formed in the stimulable phosphor sheet 20 
are exposed to the radioactive labeling substance se- 
lectively contained in a number of the absorptive regions 
4 formed in the biochemical analysis unit 1 . 
[0191] During the exposure operation, electron 

30 beams O rays) are released from the radioactive labe- 
ling substance absorbed in the absorptive regions 4 of 
the biochemical analysis unit 1. However, since a 
number of the absorptive regions 4 of the biochemical 
analysis unit 1 are fomned so as to be spaced from each 

35 other in the substrate 2 made of stainless steel having 
a property of attenuating radiation energy, electron 
beams (p rays) released from a particular absorptive re- 
gion 4 of the biochemical analysis unit 1 can be efficient- 
ly prevented from scattering in the substrate 2 of the bi- 

40 ochemical analysis unit 1 , thereby mixing with electron 
beams (P rays) released from neighboring absorptive 
regions 4 and entering stimulable phosphor layer re- 
gions 24 next the stimulable phosphor layer region 24 
corresponding thereto. Further, since a number of the 
stimulable phosphor layer regions 24 of the stimulable 
phosphor sheet 20 are fonned by embedding stimulable 
phosphor in a number of the through-holes 22 formed 
in the support 21 made of nickel and the support 21 is 
capable of attenuating radiation energy, electron beams 

50 (p rays) released from the absorptive regions 4 of the 
biochemical analysis unit 1 can be efficiently prevented 
from scattering in the support 21 of the stimulable phos- 
phor sheet 20 and entering stimulable phosphor layer 
regions 24 next to the corresponding stimulable phos- 

55 phor layer region 24. Therefore, since it is possible to 
selectively impinge electron beams (p rays) released 
from the radioactive labeling substance contained In the 
Individual absorptive regions 4 onto the corresponding 
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stimulable phosphor layer regions 24, It is possible to 
reliably prevent electron beams (6 rays) released from 
the radioactive labeling substance contained in the In- 
dividual absorptive regions 4 from entering the stimula- 
ble phosphor layer regions 24 of the stimulable phos- s 
phor sheet 20 to be exposed to electron beams (p rays) 
released from neighboring absorptive regions 4 and ex- 
posing stimulable phosphor contained therein. 
[0192] in this manner, radiation data of a radioactive 
labeling substance are recorded in a number of the stim- io 
ulable phosphor layer regions 24 formed in the support 
21 of the stimulable phosphor sheet 20. 
[01 93] Figure 6 is a schematic view showing a scan- 
ner for reading radiation data of a radioactive labeling 
substance recorded in a number of the stimulable phos- is 
phor layer regions 24 formed in the stimulable phosphor 
sheet 20 and fluorescence data of a fluorescent sub- 
stance such as a fluorescent dye recorded in a number 
of Ihe absorptive regions 4 fonmed In the biochemical 
analysis unit 1 and producing biochemical analysis data, 20 
and Figure 7 is a schematic perspective view showing 
details In the vicinity of a photomulttplter of the scanner. 
[0194] The scanner shown according to this embodl- 
mont Is constituted so as to read radiation data of a ra- 
dioactive labeling substance recorded In a number of 25 
the stimulable phosphor layer regions 24 formed in the 
stimulable phosphor sheet 20 and fluorescence data of 
a fluorescent substance such as a fluorescent dye re- 
corded in a number of the absorptive regions 4 of the 
biochemical analysis unit 1 to produce biochemical 30 
analysis data and includes a first laser stimulating ray 
source 31 for emitting a laser beam 34 having a wave- 
length of 640 nm, a second laser stimulating ray source 
32 for emitting a laser beam 34 having a wavelength of 
532 nm and a third laser stimulating ray source 33 for 35 
emitting a laser beam 34 having a wavelength of 473 
nm. 

[0195] In this embodiment, the first laser stimulating 
ray source 31 is constituted by a semiconductor laser 
beam source and the second laser stimulating ray 40 
source 32 and the third laser stimulating ray source 33 
are constituted by a second harmonic generation ele- 
ment. 

[0196] A laser beam 34 emitted from the first laser 
stimulating source 31 passes through a collimator lens 45 
35, thereby being made a parallel beam, and is reflected 
by a mirror 36. A firsl dichroic mirror 37 for IransmiUing 
light having a wavelength of 640 nm but reflecting light 
having a wavelength of 532 nm and a second dichroic 
mirror 38 for transmitting light having a wavelength 50 
equal to and longer than 532 nm but reflecting light hav- 
ing a wavelength of 473 nm arc provided in the optical 
path of the laser beam 34 emitted from the first laser 
stimulating ray source 31 . The laser beam 34 emitted 
from the first laser stimulating ray source 31 and reflect- 55 
ed by the mirror 36 passes through the first dichroic mir- 
ror 37 and the second dichroic mirror 38 and advances 
to a mirror 39. 



[0197] On the other hand, the laser beann 34 emitted 
from the second laser stimulating ray source 32 passes 
through a collimator lens 40, thereby being made a par- 
allel beam, and Is reflected by the first dichroic mirror 
37, thereby changing Its direction by 90 degrees. The 
laser beam 34 then passes through the second dichroic 
mirror 38 and advances to the mirror 39. 
[0198] Further the laser beam 34 emitted from the 
third laser stimulating ray source 33 passes through a 
collimator lens 41 , thereby being made a parallel beam, 
and is reflected by the second dichroic mirror 38, there- 
by changing its direction by 90 degrees. The laser beam 
34 then advances to the mirror 39. 
[01 99] The laser beam 34 advancing to the mirror 39 
is reflected by the mirror 39 and advances to a mirror 
42 to be reflected thereby. 

[0200] A perforated mln'or 44 formed with a hole 43 

at the center portion thereof Is provided in the optical 
path of the laser beam 34 reflected by the mirror 42. The 
laser beam 34 reflected by the mirror 42 passes through - 
the hole 43 of the perforated mirror 44 and advances to 
a concave mirror 48. 

[0201] The laser beam 34 advancing to the concave 
mirror 48 is reflected by the concave mirror 48 and en- 
ters an optical head 45. 

[0202] The optical head 45 includes a mirror 46 and 
an aspherical lens 47. The laser beam 34 entering the 
optical head 45 is reflected by the mirror 46 and Im- 
pinged by the aspherical lens 47 onto one of a number 
of the stimulable phosphor layer regions 24 of the stim- 
ulable phosphor sheet 20 or one of a number of the ab- 
sorptive regions 4 of the biochemical analysis unit 1 
placed on the glass plate 51 of a stage 50. 
[0203] When the laser beam 34 impinges on one of 
the stimulable phosphor layer regions 24 fornied in the 
support 21 of the stimulable phosphor sheet 20, stimu- 
lable phosphor contained in the stimulable phosphor 
layer region 24 is excited, thereby releasing stimulated 
emission 55. On the other hand, when the laser beam 
34 impinges on one of the absorptive regions 4 formed 
in the substrate 2 of the biochemical analysis unit 1 , a 
fluorescent substance such as a fluorescent dye con- 
tained in the absorptive region 4 Is excited, thereby re- 
leasing fluorescence emission 55. 
[0204] The stimulated emission 55 released from the 
stimulable phosphor layer region 24 fomned In the stim- 
ulable phosphor 20 or the fluorescence emission 55 re- 
leased from the absorptive region 4 fomned In the bio- 
chemical analysis unit 1 Is condensed onto the mirror 
46 by the aspherical lens 47 provided in the optical head 
45 and reflected by the mirror 46 on the side of the op- 
tical path of the laser beam 34, thereby being made a 
parallel beam to advance to the concave mirror 48. 
[0205] The stimulated emission 55 or the fluores- 
cence emission 55 advancing to the concave mirror 48 
is reflected by the concave mirror 48 and advances to 
the perforated mirror 44. 

[0206] As shown in Figure 7, the stimulated emission 
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55 or the fluorescence emission 55 advancing to the 
perforated min-or 44 is reflected downward by the per- 
forated mirror 44 formed as a concave mirror and ad- 
vances to a filter unit 58, whereby light having a prede- 
termined wavelength Is cut. The stimulated emission 65 s 
or the fluorescence emission 55 then Impinges on a pho- 
tomultlplier 60, thereby being photoelectrically detected. 
[0207] As shown in Figure 7, the filter unit 58 is pro- 
vided with four filter members 61a, 61b, 61c and 61d 
and is constituted to be laterally movable in Figure 10 io 
by a motor (not shown). 

[0208] Figure 8 is a schematic cross-sectional view 
taken along a line A-A in Figure 7. 
[0209] As shown in Figure 8, the filter member 61a 
includes a filter 62a and the filter 62a is used for reading is 
fluorescence emission 55 by stimulating a fluorescent 
substance such as a fluorescent dye contained In a 
number of the absorptive regions 4 fomied In the bio- 
chemical analysis unit 1 using the first laser stimulating 
ray source 31 and has a property of cutting off light hav- 20 
ing a wavelength of 640 nm but transmitting light having 
a wavelength longer than 640 nm. 
[0210] Figure 9 is a schematic cross-sectional view 
taken along a line B-B in Figure 7. 

[0211] As shown in Figure 9, the filter member 61b 25 
includes a filter 62b and the filter 62b is used for reading 
fluorescence emission 55 by stimulating a fluorescent 
substance such as a fluorescent dye contained in a 
number of the absorptive regions 4 fonned in the bio- 
chemical analysis unit 1 using the second laser stimu- 30 
lating ray source 32 and has a property of cutting off light 
having a wavelength of 532 nm but transmitting light 
having a wavelength longer than 532 nm. 
[0212] Figure 10 is a schematic cross-sectional view 
taken along a line C-C in Figure 7. 35 
[0213] As shown in Figure 10, the filter member 61c 
includes a filter 62c and the filter 62c is used for reading 
fluorescence emission 55 by stimulating a fluorescent 
substance such as a fluorescent dye contained in a 
number of the absorptive regions 4 formed in the bio- 40 
chemical analysis unit 1 using the third laser stimulating 
ray source 33 and has a property of cutting off light hav- 
if 1 s. wavelength of 473 nm but transmitting light having 
a wavelength longer than 473 nm. 

[0214] Figure 11 is a schematic cross-sectional view ^5 
taken along a line D-D in Figure 7. 
[0215] As shown in Figure 11 , the filler member 61 d 
includes a filter 62d and the filter 62d is used for reading 
stimulated emission 55 released from stimulable phos- 
phor contained In a number of the stimulable phosphor so 
layer regions 24 fonned in the stimulable phosphor 
sheet 20 upon being stimulated using the first laser stim- 
ulating ray source 31 and has a property of transmitting 
only light having a wavelength corresponding to that of 
stimulated emission 55 emitted from stimulable phos- 55 
phor and cutting off light having a wavelength of 640 nm. 
[0216] Therefore. In accordance with the kind of a 
stimulating ray source to be used, one of these filter 



members 61 a, 61 b, 61 c. 61 d is selectively positioned in 
front of the photomultiplier60, thereby enabling the pho- 
tomultiplier60 to photoelectrically detect only light to be 
detected. 

[0217] The analog data produced by photoelectrically 
detecting stimulated emission 55 or fluorescence emis- 
sion 55 with the photomultipller 60 are converted by an 
A/D converter 63 into digital data and the digital data are 
fed to a data processing apparatus 64. 
[0218] Although not shown in Figure 6, the optical 
head 45 is constituted to be movable by a scanning 
mechanism in a main scanning direction indicated by an 
arrow X and a sub-scanning direction indicated by an 
arrow Y in Figure 6 so that all of the dot-like stimulable 
phosphor layer regions 24 formed in the stimulable 
phosphor sheet 20 or alt of the absorptive regions 4 
formed in the biochemical analysis unit 1 can be 
scanned by the laser beam 34. 
[0219] Figure 1 2 is a schematic plan view showing the 
scanning mechanism of the optical head 45. 
[0220] In Figure 1 2, optical systems other than the op- 
tical head 45 and the paths of the laser beam 34 and 
stimulated emission 55 or fluorescence emission 55 are 
omitted for simplification. 

[0221] As shown in Figure 12, the scanning mecha- 
nism of the optical head 45 includes a base plate 70, 
and a sub-scanning pulse motor 71 and a pair of rails 
72, 72 are fixed on the base plate 70. A movable base 
plate 73 is further provided so as to be movable in the 
sub-scanning direction indicated by an arrow Y in Figure 
12. 

[0222] The movable base plate 73 is fomried with a 
threaded hole (not shown) and a threaded rod 74 rotated 
by the sub-scanning pulse motor 71 is engaged with the 
inside of the hole. 

[0223] A main scanning stepping motor 75 is provided 
on the movable base plate 73. The main scanning step- 
ping motor 75 is adapted for intermittently driving an 
endless belt 76 by a pitch equal to the distance between 
neighboring absorptive regions 4 formed in the bio- 
chemical analysis unit 1 , namely, the distance between 
neighboring stimulable phosphor layer regions 24 
formed in the stimulable phosphor sheet 20. The optical 
head 45 is fixed to the endless belt 76 and when the 
endless belt 76 Is driven by the main scanning stepping 
motor 75, the optical head 45 Is moved in the main scan- 
ning direction indicated by an arrow X in Figure 12. 
[0224] In Figure 12, the reference numeral 77 desig- 
nates a linear encoder for detecting the position of the 
optical head 45 in the main scanning direction and the 
reference numeral 78 designates slits of the linear en- 
coder 77. 

[0225] Therefore, when the endless belt 76 is driven 
in the main scanning direction by the main scanning 
stepping motor 75 and the scanning of one line is com- 
pleted, the substrate 73 is intermittently moved in the 
sub-scanning direction by the sub-scanning pulse motor 
71 , whereby the optical head 45 is moved in the main 
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scanning direction Indicated by the arrow X and the sub- 
scanning direction indicated by the arrow Y in Figure 13 
and all of the stimulable phosphor layer regions 24 
formed in the support 21 of the stimulable phosphor 
sheet 24 or all of the absorptive regions 4 formed in the 
substrate 2 of the biochemical analysis unit 1 are 
scanned with the laser beam 34. 
[0226] Figure 13 is a block diagram of a control sys- 
tem, an input system, a drive system and a detection 
system of the scanner shown In Figure 6. 
[0227] As shown In Figure 13, the control system of 
the scanner includes a control unit 80 for controlling the 
overall operation of the scanner and the input system of 
the scanner includes a keyboard 81 which can be oper- 
ated by a user and through which various instoiction sig- 
nals can be input. 

[0228] As shown In Figure 1 3, the drive system of the 
scanner Includes the main scanning stepping motor 75 
for inlermittenlly moving the optical head 45 in the main 
scanning direction, the sub-scanning pulse motor 71 for 
moving the optical head 45 in the sub-scanning direction 
and a filter unit motor 82 for moving the filter unit 58 pro- 
vided with the fourf liter members 61 a, 61 b, 61 c and 61 d. 
[0229] The control unit 80 is adapted for selectively 
outputting a drive signal to the first laser stimulating ray 
source 31 , the second laser stimulating ray source 32 
or the third laser stimulating ray source 33 and output- 
ting a drive signal to the filter unit motor 82. 
[0230] As shown in Figure 13, the detection system 
of the scanner includes the photomultiplier 60 and the 
linear encoder 77 for detecting the position of the optical 
head 45 in the main scanning direction. 
[0231] In this embodiment, the control unit 80 is 
adapted to control the on and off operation of the first 
laser stimulating ray source 31 , the second laser stim- 
ulating ray source 32 or the third laser stimulating ray 
source 33 in accordance with a detection signal indicat- 
ing the position of the optical head 45 input from the lin- 
ear encoder 77. 

[0232] The thus constituted scanner reads radiation 
data of a radioactive labeling substance recorded in a 

stimulable phosphor sheet 20 by exposing a number of 
the stimulable phosphor layer regions 24 to a radioac- 
tive labeling substance contained in a number of the ab- 
sorptive regions 4 fonned in the biochemical analysis 
unit 1 and produces biochemical analysis data In the fol- 
lowing manner. 

[0233] A stimulable phosphor sheet 20 is first set on 
the glass plate 51 of the stage 50 by a user. 
[0234] An instruction signal indicating that a number 
of the stimulable phosphor regions 24 of the stimulable 
phosphor sheet 20 are to be scanned with the laser 
beam 34 is then input through the keyboard 81 . 
[0235] The instruction signal input through the key- 
board 81 is input to the control unit 80 and the control 
unit 80 outputs a drive signal to the filter unit motor 82 
in accordance with the instruction signal, thereby mov- 
ing the filter unit 58 so as to locate the filter member 6 1 d 



provided with the filter 62d having a property of trans- 
mitting only light having a wavelength corresponding to 
that of stimulated emission emitted from stimulable 
phosphor but cutting off light having a wavelength of 640 

5 nm In the optical path of stimulated emission 55. 

[0236] The control unit 80 further outputs a drive sig- 
nal to the main scanning stepping motor 75 to move the 
optical head 45 in the main scanning direction and when 
it detennines based on a detection signal indicating the 

10 position of the optical head 45 Input from the linear en- 
coder 77 that the optical head 45 has reached a position 
where a laser beam 34 can be projected onto a first stim- 
ulable phosphor layer region 24 among a number of the 
stimulable phosphor layer regions 24 formed in the stim- 

is ulable phosphor sheet 20, it outputs a drive stop signal 
to the main scanning stepping motor 75 and a drive sig- 
nal to the first stimulating ray source 31 , thereby actu- 
ating it to emit a laser beam 34 having a wavelength of 
640 nm. 

20 [0237] A laser beam 34 emitted from the first laser 
stimulating source 31 passes through the collimator lens 
35, thereby being made a parallel beam, and is reflected 
by the mirror 36. 

[0238] The laser beam 34 reflected by the mirror 36 

25 passes through the first dichroic mirror 37 and the sec- 
ond dichroic mirror 38 and advances to the mirror 39. 
[0239] The laser beam 34 advancing to the mirror 39 
is reflected by the mirror 39 and advances to the mirror 
42 to be reflected thereby. 

30 [0240] The laser beam 34 reflected by the mirror 42 
passes through the hole 43 of the perforated mirror 44 
and advances to the concave mirror 48. 
[0241] The laser beam 34 advancing to the concave 
min^or 48 is reflected by the concave min^or 48 and en- 

35 ters the optical head 45. 

[0242] The laser beam 34 entering the optical head 
45 is reflected by the mirror 46 and condensed by the 
aspherical lens 47 onto the first stimulable phosphor lay- 
er region 24 fomned in the support 21 of the stimulable 

40 phosphor sheet 20 placed on the glass plate 51 of a 
stage 50. 

[0243] In this embodiment, since a number of the 
stimulable phosphor layer regions 24 of the stimulable 
phosphor sheet 20 are fonned by embedding stimulable 

"^5 phosphor in a number of the through-holes 22 formed 
in the support 21 made of nickel capable of attenuating 
light energy, il is possible to effectively prevent the laser 
beam 24 from scattering in each of the stimulable phos- 
phor layer regions 24 formed in the support 21 of the 

50 stimulable phosphor sheet 20 and entering the neigh- 
boring stimulable phosphor layer regions 24 to excite 
stimulable phosphor contained in the neighboring stim- 
ulable phosphor layer regions 24. 
[0244] When the laser beam 34 Impinges onto the first 

55 stimulable phosphor layer region 24 fonned in the sup- 
port 21 of the stimulable phosphor sheet 20, stimulable 
phosphor contained in the first stimulable phosphor lay- 
er region 24 is excited by the laser beam 34. thereby 
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releasing stimulated emission 55 from the first stimula- 
ble phosphor layer region 24. 

[0245] The stimulated emission 55 released from the 
first stimulable phosphor layer region 24 of the stimula- 
ble phosphor sheet 20 is condensed onto the mirror 46 5 
by the aspherical lens 47 provided in the optical head 
45 and reflected by the mirror 46 on the side of the op- 
tical path of the laser beam 34, thereby being made a 
parallel beam to advance to the concave mirror 48. 
[0246] The stimulated emission 55 advancing to the io 
concave mirror 48 is reflected by the concave mirror 48 
and advances to the perforated mirror 44. 
[0247] As shown in Figure 7, the stimulated emission 
55 advancing to the perforated mirror 44 is reflected 
downward by the perforated mirror 44 formed as a con- is 
cave mirror and advances to the filter 62d of the filter 
unit 58. 

[0248] Since the filter 62d has a property of transmit- 
ting only light having a wavelength corresponding to thai 
of stimulated emission 55 emitted from stimulable phos- 20 
phor and cutting off light having a wavelength of 640 nm, 
light having a wavelength of 640 nm corresponding to 
that of the stimulating ray is cut off by the filter 62d and 
only light having a wavelength corresponding to that of 
stimulated emission 55 passes through the filter 62d to 25 
be photoelectrically detected by the photomultiplier 60. 
[0249] Analog data produced by photoelectrically de- 
tecting stimulated emission 55 with the photomultiplier 
60 are converted by an A/D converter 63 into digital data 
and the digital data are fed to a data processing appa- 30 
ratus 64. 

[0250] When a predetennined time, for example, sev- 
eral microseconds, has passed after the first stimulating 
ray source 31 was turned on, the control unit 80 outputs 
a drive stop signal to the first stimulating ray source 31 , 35 
thereby turning It off and outputs a drive signal to the 
main scanning stepping motor 75, thereby moving the 
optical head 45 by one pitch equal to the distance be- 
tween neighboringstimulablephosphorlayer regions 24 
fonned in the support 21 of the stimulable phosphor 40 
sheet 20. 

[0251] When the control unit 80 determines based on 
a detection signal indicating the position of the optical 
head 45 input from the linear encoder 77 that the optical 
head 45 has been moved by one pitch equal to the dis- 45 
tance between neighboring stimulable phosphor layer 
regions 24 and has reached a position where a laser 
beam 34 can be projected onto a second stimulable 
phosphor layer region 24 next to the first stimulable 
phosphor layer region 24 formed in the support 21 of the so 
stimulable phosphor sheet 20, it outputs a drive signal 
to the first stimulating ray source 31 to turn it on, thereby 
causing the laser beam 34 to excite stimulable phosphor 
contained in the second stimulable phosphor layer re- 
gion 24 formed in the support 21 of the stimulable phos- 55 
phor sheet 20 next to the first stimulable phosphor layer 
region 24. 

[0252] Similarly to the above, the second stimulable 



phosphor layer region 24 fomried in the support 21 of the 
stimulable phosphor sheet 20 is in^adiated with the laser 
beam 34 for a predetermined time, whereby stimulable 
phosphor contained in the second stimulable phosphor 
layer region 24 Is excited and when stimulated emission 
55 released from the second stimulable phosphor layer 
region 24 is photoelectrically detected by the photomul- 
tiplier 60 and analog data are produced, the control unit 
80 outputs a drive stop signal to the first stimulating ray 
source 31 , thereby turning it off and outputs a drive sig- 
nal to the main scanning stepping motor 75, thereby 
moving the optical head 45 by one pitch equal to the 
distance between neighboring stimulable phosphor lay- 
er regions 24. 

[0253] In this manner, the on and off operation of the 
first stimulating ray source 31 is repeated in synchro- 
nism with the intennlttent movement of the optical head 
45 and when the control unit 80 determines based on a 
detection signal indicating the position of the optical 
head 45 input from the linear encoder 77 that the optical 
head 45 has been moved by one scanning line in the 
main scanning direction and that the stimulable phos- 
phor layer regions 24 included in a first line of the stim- 
ulable phosphor layer regions 24 formed in the support 
21 of the stimulable phosphor sheet 20 have been 
scanned with the laser beam 34, it outputs a drive signal 
to the main scanning stepping motor 75, thereby return- 
ing the optical head 45 to its original position and outputs 
a drive signal to the sub-scanning pulse motor 71 , there- 
by causing it to move the movable base plate 73 by one 
scanning line in the sub-scanning direction. 
[0254] When the control unit 80 detennines based on 
a detection signal indicating the position of the optical 
head 45 input from the linear encoder 77 that the optical 
head 45 has been returned to its original position and 
determines that the movable base plate 73 has been 
moved by one scanning line In the sub-scanning direc- 
tion, similarly to the manner in which the stimulable 
phosphor layer regions 24 included in the first line of the 
stimulable phosphor layer regions 24 formed in the sup- 
port 21 of the stimulable phosphor sheet 20 were se- 
quentially in-adlated with the laser beam 34 emitted from 
the first laser stimulating ray source ?1 , the stimulable 
phosphor layer regions 24 Included in a second line of 
the stimulable phosphor layer regions 24 formed in the 
support 21 of the stimulable phosphor sheet 20 are se- 
quentially irradiated with the laser beam 34 emitted from 
the first laser stimulating ray source 31 , thereby exciting 
stimulable phosphor contained in the stimulable phos- 
phor layer regions 24 included in the second line and 
stimulated emission 55 released from the stimulable 
phosphor layer regions 24 included in the second line is 
sequentially and photoelectrically detected by the pho- 
tomultiplier 60. 

[0255] Analog data produced by photoelectrically de- 
tecting stimulated emission 55 with the photomultiplier 
60 are converted by an A/D converter 63 into digital data 
and the digital data are fed to a data processing appa- 
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ratus 64. 

[0256] When all of the stimulable phosphor layer re- 
gions 24 formed in the support 21 of the stimulable phos- 
phor sheet 20 have been scanned with the laser beam 
34 to excite stimulable phosphor contained In the stim- 
ulable phosphor layer regions 24 and digital data pro- 
duced by photoelectrically detecting stimulated emis- 
sion 55 released from the stimulable phosphor layer re- 
gions 24 by the photomultiplier 60 to produce analog da- 
ta and digitizing the analog data by the A/D converter 
63 have been fonwarded to the data processing appa- 
ratus 64, the control unit 80 outputs a drive stop signal 
to the first laser stimulating ray source 31 , thereby turn- 
ing it off. 

[0257] As described above, radiation data recorded 
In a number of the stimulable phosphor layer regions 24 
fomned In the support 21 of the stimulable phosphor 
sheet 20 are read by the scanner to produce biochem- 
ical analysis data. 

[0258] On the other hand, when fluorescence data of 
a fluorescent substance recorded in a number of the ab- 
sorptive regions 4 formed In the substrate 2 of the bio- 
chemical analysis unit 1 are to be read to produce bio- 
chemical analysis data, the biochemical analysis unit 1 
Is first set by the user on the glass plate 51 of the stage 
50. 

[0259] A fluorescent substance identification signal 
for identifying the kind of a fluorescent substance used 
as a labeling substance and a reading Instruction signal 
Indicating that fluorescent data are to be read are then 
input by the user through the keyboard 81 . 
[0260] The fluorescent substance identification signal 
and the instruction signal input through the keyboard 81 
are Input to the control unit 80 and when the control unit 
80 receives them, it determines the laser stimulating ray 
source to be used in accordance with a table stored in 
a memory (not shown) and also detennlnes what filter 
is to be positioned in the optical path of fluorescence 
emission 55 among the filters 62a, 62b and 62c. 
[0261] For example, when Rhodamine (registered 
trademark), which can be most efficiently stimulated by 
a laser beam having a wavelength of 532 nm, is used 
as a fluorescent substance for labeling a substance de- 
rived from a living organism and the fluorescent sub- 
stance Identification signal indicating such a fact Is in- 
put, the control unit 80 selects the second laser stimu- 
lating ray source 32 and the filler 62b and outputs a drive 
signal to the filter unit motor 82, thereby moving the filter 
unit 58 so that the filter member 61b inserting the filter 
62b having a property of cutting off light having a wave- 
length of 532 nm but transmitting light having a wave- 
length longer than 532 nm In the optical path of the flu- 
orescence emisskjn 55. 

[0262] The control unit 80 further outputs a drive sig- 
nal to the main scanning stepping motor 75 to move the 
optical head 45 in the main scanning direction and when 
it determines based on a detection signal indicating the 
position of the optical head 45 Input from the linear en- 



coder 77 that the optical head 45 has reached a position 
where a laser beam 34 can be projected onto a first ab- 
sorptive region 4 among a number of the absorptive re- 
gions 4 fomried In the biochemical analysis unit 1 , It out- 
5 puts a drive stop signal to the main scanning stepping 
motor 75 and a drive signal to the second laser stimu- 
lating ray source 32, thereby actuating it to emit a laser 
beam 34 having a wavelength of 532 nm. 
[0263] The laser beam 34 emitted from the second la- 
ser stimulating ray source 32 is made a parallel beam 
by the collimator lens 40, advances to the first dichroic 
mln-or 37 and Is reflected thereby. 
[0264] The laser beam 34 reflected by the first dich- 
roic mirror 37 transmits through the second dichroic mir- 
ror 38 and advances to the mirror 39. 
[0265] The laser beam 34 advancing to the mirror 39 
Is reflected by the mirror 39 and further advances to the 
mirror 42 to be reflected thereby. 
[0266] The laser beam 34 reflected by the mirror 42 
advances to the perforated mirror 44 and passes 
through the hole 43 of the perforated mirror 44. Then, 
the laser beam 34 advances to the concave mirror 48. 
[0267] The laser beam 34 advancing to the concave 
min^or 48 is reflected thereby and enters the optical head 
45. 

[0268] The laser beam 34 entering the optical head 

45 is reflected by the mirror 46 and condensed by the 
aspherical lens 47 onto the first absorptive region 4 of 
the biochemical analysis unit 1 placed on the glass plate 
51 of the stage 50. 

[0269] In this embodiment, since each of the absorp- 
tive regions 4 of the biochemical analysis unit 1 is 
formed by charging nylon-6 In the through-hole 3 formed 
In the substrate 2 made of stainless steel and the sub- 
strate 2 Is capable of attenuating light energy, it is pos- 
sible to effectively prevent the laser beam 24 from scat- 
tering in each of the absorptive regions 4 formed in the 
substrate 2 of the biochemical analysis unit 1 and en- 
tering the neighboring absorptive regions 4 to excite a 
fluorescent substance contained in the neighboring ab- 
sorptive regions 4. 

[0270] When the laser beam 34 impinges onto the first 
absorptive region 4 fornied in the substrate 2 of the bi- 
ochemical analysis unit 1 , a fluorescent substance such 
as a fluorescent dye, for instance, Rhodamine, con- 
tained in the first absorptive region 4 is stimulated by 
the laser beam 34 and fluorescence emission 55 is re- 
leased from Rhodamine. 

[0271] The fluorescence emission 55 released from 
Rhodamine is condensed by the aspherical lens 47 pro- 
vided in the optical head 45 and reflected by the mirror 

46 on the side of an optical path of the laser beam 34, 
thereby being made a parallel beam to advance to the 
concave mirror 48. 

[0272] The fluorescence emission 55 advancing to 
the concave mirror 48 is reflected by the concave mirror 
48 and advances to the perforated mirror 44. 
[0273] As shown In Figure 7, the fluorescence emis- 
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sion 55 advancing to the perforated mirror 44 is reflected 
downward by the perforated mirror 44 formed as a con- 
cave mirror and advances to the filter 62b of a filter unit 
58. 

[0274] Since the filter 62b has a property of cutting off 
light having a wavelength of 532 nm but transmitting 
light having a wavelength longer than 532 nm, light hav- 
ing the same wavelength of 532 nm as that of the stim- 
ulating ray is cut off by the filter 62b and only light In the 
wavelength of the fluorescence emission 55 released 
from Rhodamlne passes through the filter 62b to be pho- 
toelectrlcally detected by the photomultlplier 60. 
[0275] Analog data produced by photoelectrically de- 
tecting fluorescence emission 55 with the photomultlpli- 
er 60 are converted by the A/D converter 63 into digital 
data and the digital data are fed to a data processing 
apparatus 64. 

[0276] When a predetermined time, for example, sev- 
eral microseconds, has passed after the second laser 

stimulating ray source 32 was turned on, the control unit 
80 outputs a drive stop signal to the second laser stim- 
ulating ray source 32, thereby turning It off and outputs 
a drive signal to the main scanning stepping motor 75, 
thereby moving the optical head 45 by one pitch equal 
to the distance between neighboring absorptive regions 

4 formed in the substrate 2 of the biochemical analysis 
unit 1. 

[0277] When the control unit 80 detennines based on 
a detection signal indicating the position of the optical 
head 45 input from the linear encoder 77 that the optical 
head 45 has been moved by one pitch equal to the dis- 
tance between neighboring absorptive regions 4 formed 
in the substrate 2 of the biochemical analysis unit 1 and 
has reached a position where a laser beam 34 can be 
projected onto a second absorptive region 4 next to the 
first absorptive region 4 f omied in the substrate 2 of the 
biochemical analysis unit 1 , it outputs a drive signal to 
the second laser stimulating ray source 32 to turn it on, 
thereby causing the laser beam 34 to excite a fluores- 
cent substance, for example, Rhodamlne, contained in 
the second absorptive region 4 formed in the substrate 
2 of the biochemical analysis unit 1 next to the first ab- 

5 rptive region 4. 

[0278] Similarly to the above, the second absorptive 
region 4 formed in the substrate 2 of the biochemical 
analysis unit 1 is Irradiated with the laser beam 34 for a 
predetermined time and when fluorescence emission 55 
released from the second absorptive region 4 Is photo- 
electrically detected by the photomultlplier 60 and ana- 
log data are produced, the control unit 80 outputs a drive 
stop signal to the second laser stimulating ray source 
32, thereby turning it off and outputs a drive signal to the 
main scanning stepping motor 75, thereby moving the 
optical head 45 by one pitch equal to the distance be- 
tween neighboring absorptive regions 4 fomied in the 
substrate 2 of the biochemical analysis unit 1 . 
[0279] In this manner, the on and off operation of the 
second laser stimulating ray source 32 is repeated in 



synchronism with the Intennittent movement of the op- 
tical head 45 and when the control unit 80 determines 
based on a detection signal Indicating the position of the 
optical head 45 input from the linear encoder 77 that the 

5 optical head 45 has been moved by one scanning line 
in the main scanning direction and that the absorptive 
regions 4 included in a first line of the absorptive regions 
4 formed in the substrate 2 of the biochemical analysis 
unit 1 have been scanned with the laser beam 34, It out- 

10 puts a drive signal to the main scanning stepping motor 
75, thereby returning the optical head 45 to its original 
position and outputs a drive signal to the sub-scanning 
pulse motor 71 , thereby causing it to move the movable 
base plate 73 by one scanning line in the sub-scanning 

15 direction. 

[0280] When the control unit 80 detemnlnes based on 
a detection signal indicating the position of the optical 
head 45 Input from the linear encoder 77 that the optical 
head 45 has been returned to lis original position and 
detenmines that the movable base plate 73 has been 
moved by one scanning line in the sub-scanning direc- 
tion, similarly to the manner in which the absorptive re- 
gions 4 Included in the first line of the absorptive regions 
4 f omned in the substrate 2 of the biochemical analysis 
unit 1 were sequentially in^adiated with the laser beam 
34 emitted from the second laser stimulating ray source 
32, the absorptive regions 4 included in a second line of 
the absorptive regions 4 fomned in the substrate 2 of the 
biochemical analysis unit 1 are sequentially irradiated 
with the laser beam 34 emitted from the second laser 
stimulating ray source 32, thereby exciting Rhodamlne 
contained in the absorptive regions 4 included in the 
second line and fluorescence emission 55 released 
from the absorptive regions 4 included In the second line 
Is sequentially and photoelectrically detected by the 
photomultipller 60. 

[0281 ] Analog data produced by photoelectrically de- 
tecting fluorescence emission 55 with the photomultlpli- 
er 60 are converted by the A/D converter 63 into digital 
data and the digital data are fed to the data processing 
apparatus 64. 

[0282] When all of the absorptive regions 4 formed in 
the substrate 2 of the biochemical analysis unit 1 have 
been scanned with the laser beam 34 to excite Rhod- 
amlne contained In the absorptive regions 4 formed in 
the substrate 2 of the biochemical analysis unit 1 and 
digital data produced by photoelectrically detecting flu- 
orescence emission 55 released from the absorptive re- 
gions 4 by the photomultlplier 60 to produce analog data 
and digitizing the analog data by the A/D converter 63 
have been forwarded to the data processing apparatus 
64, the control unit 80 outputs a drive stop signal to the 
second laser stimulating ray source 32, thereby turning 
it off. 

[0283] As described above ^ fluorescence data record- 
ed in a number of the absorptive regions 4 formed in the 
substrate 2 of the biochemical analysis unit 1 are read 
by the scanner to produce biochemical analysis data. 



25 



30 



35 



40 



45 



SO 



24 

3DCX;iD: <EP 13332B3A2J_> 



47 



EP 1 333 283 A2 



48 



[0284] Figure 14 is a schematic front view showing a 
data producing system for reading chemilumlnescence 
data recorded in a number of the absorptive regions 4 
formed in the substrate 2 of the biochemical analysis 
unit 1 , and producing biochemical analysis data. 
[0285] The data producing system shown in Figure 1 4 
is constituted to be able to not only read reading chemi- 
lumlnescence data recorded in a number of the absorp- 
tive regions 4 formed in the biochemical analysis unit 1 , 
thereby producing biochemical analysis data but also 
read fluorescence data of a fluorescent substance such 
as a fluorescent dye recorded in a number of the ab- 
sorptive regions 4 formed in the biochemical analysis 
unit 1, thereby producing biochemical analysis data. 
[0286] As shown in Figure 1 4, the data producing sys- 
tem includes a cooled CCD camera 91, a dark box 92 
and a personal computer 93. As shown in Figure 1 7, the 
personal computer 93 Is equipped with a CRT 94 and a 
keyboard 95. 

[0287] Figure 15 is a schematic longitudinal cross 
sectional view showing the cooled CCD camera 91 of 
the data producing system. 

[0288] As shown in Figure 15, the cooled CCD cam- 
era 91 includes a CCD 96, a heat transfer plate 97 made 
of metal such as aluminum, a Peltier element 98 for cool- 
ing the CCD 96, a shutter 99 disposed in front of the 
CCD 96, an A/D converter 1 00 for converting analog da- 
ta produced by the CCD 96 to digital data, a data buffer 
1 01 for temporarily storing the data digitized by the A/D 
converter 100. and a camera control circuit 102 for con- 
trolling the operation of the cooled CCD camera 91 . 
[0289] An opening formed between the dark box 92 
and the cooled CCD camera 91 Is closed by a glass 
plate 105 and the periphery of the cooled CCD camera 

91 is fonned with heat dispersion fins 106 over substan- 
tially its entire length for dispersing heat. 

[0290] A camera lens 107 disposed in the dark box 

92 is mounted on the front surface of the glass plate 1 05 
disposed in the cooled CCD camera 91 . 

[0291 ] Figure 1 6 is a schematic vertical cross section- 
al view showing the dark box 92 of the data producing 
system. 

[0292] As shown in Figure 16, tr j dark box 92 is 
equipped with a light emitting diode stimulating ray 
source 110 for emitting a stimulating ray. The light emit- 
ting diode stimulating ray source 110 Is provided with a 
filler 111 delachably mounted thereon and a diffusion 
plate 1 1 3 mounted on the upper surface of the filter 111. 
The stimulating ray is emitted via the diffusion plate 1 1 3 
toward a biochemical analysis unit (not shown) placed 
on the diffusion plate 1 1 3 so as to ensure that the bio- 
chemical analysis unit can bo uniformly irradiated with 
the stimulating ray. The filter 111 has a property of cut- 
ting light components having a wavelength not close to 
that of the stimulating ray and harmful to the stimulation 
of a fluorescent substance and transmitting through only 
light components having a wavelength in the vicinity of 
that of the stimulating ray. A filter 112 for cutting light 



components having a wavelength in the vicinity of that 
of the stimulating ray is detachably provided on the front 
surface of the camera lens 107. 
[0293] Figure 17 is a block diagram of the personal 
5 computer 93 of the data producing system and periph- 
eral devices thereof. 

[0294] As shown in Figure 1 7, the personal computer 
93 includes a CPU 120 for controlling the exposure of 
the cooled CCD camera 91 , a data transfening means 

121 for reading the data produced by the cooled CCD 
camera 91 from the data buffer 101, a storing means 

122 for storing data, a data processing means 123 for 
effecting data processing on the digital data stored in 
the data storing means 122, and a data displaying 
means 124 for displaying visual data on the screen of 
the CRT 94 based on the digital data stored in the data 
storing means 122. 

[0295] The light emitting diode stimulating ray source 
110 is controlled by a light source control means 125 
and an instruction signal can be input via the CPU 120 
to the light source control means 125 through the key- 
board 85. The CPU 120 Is constituted so as to output 
various signals to the camera controlling circuit 103 of 
the cooled CCD camera 91 . 

[0296] The data producing system shown in Figures 
14 to 17 is constituted so as to detect chemilumlnes- 
cence emission generated by the contact of an enzyme 
labeling an antibody to a hapten bound by an antigen- 
antibody reaction with the hapten such as digoxigenin 
labeling a substance derived from a living organism and 
selectively hybridized with specific binding substances 
contained in a number of the absorptive regions 4 of the 
biochemical analysis unit 1 and a chemilumlnescent 
substrate, with the CCD 96 of the cooled CCD camera 
91 through the camera lens 1 07, thereby reading chemi- 
luminescence data recorded in a number of the absorp- 
tive regions 4 of the biochemical analysis unit 1 to pro- 
duce biochemical analysis data, and irradiate the bio- 
chemical analysis unit 1 with a stimulating ray emitted 
from the light emitting diode stimulating ray source 110 
and detect fluorescence emission released from a fluo- 
rescent substance such as a fluorescent dye contained 
in a number of the absorptive regions 4 formed in the 
substrate 2 of the biochemical analysis unit 1 upon being 
stimulated, with the CCD 96 of the cooled CCD camera 
91 through a camera lens 107, thereby reading fluores- 
cence data recorded in a number of the absorptive re- 
gions 4 of the biochemical analysis unit 1 to produce 
biochemical analysis data. 

[0297] When biochemical analysis data are to be pro- 
duced by reiadlng chemilumlnescence data, the filter 
112 is removed and while the light emitting diode stim- 
ulating ray source 110 is kept off, the biochemical anal- 
ysis unit 1 is placed on the diffusion plate 113. At this 
time, the biochemical analysis unit 1 is releasing chemi- 
lumlnescence emission as a result of contact of a labe- 
ling enzyme labeling an antibody selectively contained 
In a number of the absorptive regions 4 formed in the 
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substrate 2 of the biochemical analysis unit 1 and a 
chemilumlnescent substrate. 

[0298] The lens focus is then adjusted by the user us- 
ing the camera lens 107 and the dark box 92 is closed. 
[0299] When an exposure start signal is input by the 
user through the keyboard 95, the exposure start signal 
Is input through the CPU 120 to the camera control cir- 
cuit 1 02 of the cooled CCD camera 91 so that the shutter 

99 is opened by the camera control circuit 1 02, whereby 
the exposure of the CCD 96 is started. 

[0300] Chemiluminescence emission released from a 
number of the absorptive regions 4 formed In the sub- 
strate 2 of the biochemical analysis unit 1 Impinges on 
the light receiving surface of the CCD 96 of the cooled 
CCD camera 91 via the camera lens 1 07, thereby fomn- 
Ing an image on the light receiving surface. The CCD 
96 receives light of the thus formed Image and accumu- 
lates It In the form of electric charges therein. 
[0301 ] In this embodiment, since the substrate 2 of the 
biochemical analysis unit 1 is made of stainless steel 
and is capable of attenuating light energy, it is possible 
to reliably prevent chemiluminescence emission re- 
leased from the labeling enzyme contained in each of 
the absorptive regions 4 from being scattered in the sub- 
strate 2 of the biochemical analysis unit 1 and mixed 
with chemiluminescence emission released from a la- 
beling enzyme contained in the neighboring absorptive 
regions 4. 

[0302] When a predetemnined exposure time has 
passed, the CPU 120 outputs an exposure completion 
signal to the camera control circuit 102 of the cooled 

CCD camera 91 . 

[0303] When the camera controlling circuit 102 re- 
ceives the exposure completion signal from the CPU 
120, it transfers analog data accumulated in the CCD 
96 in the form of electric charge to the A/D converter 

1 00 to cause the A/D converter 1 00 to digitize the data 
and to temporarily store the thus digitized data in the 
data buffer 101. 

[0304] At the same time, the CPU 1 20 outputs a data 
transfer signal to the data transferring means 121 to 
cause It to read out the digital data from the data buffer 

1 01 of the cooled CCD camera 91 and to store them in 
the data storing means 122. 

[0305] When the user Inputs a data processing signal 
through the keyboard 95, the CPU 120 outputs the dig- 
ital data stored in the data storing means 1 22 to the data 
processing means 1 23 and causes the data processing 
means 123 to effect data processing on the digital data 
in accordance with the user's instructions and store the 
thus processed digital data in the data storing means 
122. 

[0306] When the user then input a data display signal 
through the keyboard 81, the CPU 120 outputs a data 
display signal to the displaying means 124 and causes 
the displaying means 124 to display biochemical anal- 
ysis data on the screen of the CRT 94 based on the dig- 
ital data stored in the data storing means 122. 



[0307] In this manner, chemilumlnescent data record- 
ed in a number of the absorptive regions 4 formed in the 
substrate 2 of the biochemical analysis unit 1 are read 
and biochemical analysis data are produced. 

5 [0308] On the other hand, when biochemical analysis 
data are to be produced by reading fluorescence data 
recorded in a number of the absorptive regions 4 formed 
in the substrate 2 of the biochemical analysis unit 1 , the 
biochemical analysis unit 1 is first placed on the diffusion 

10 platens. 

[0309] The light emitting diode stimulating ray source 
110 is then turned on by the user and the lens focus is 
adjusted using the camera lens 107. The dark box 92 is 
then closed. 

15 [0310] When the user inputs an exposure start signal 
through the keyboard 95, the light emitting diode stimu- 
lating ray source 110 is again turned on by the light 
source control means 125, thereby emitting a stimulat- 
ing ray toward the biochemical analysis unit 1 . 
[0311] At the same time, the exposure start signal is 
input via the CPU 1 20 to the camera control circuit 1 02 
of the cooled CCD camera 91 and the shutter 99 is 
opened by the camera control circuit 102, whereby the 
exposure of the CCD 96 is started. 
[0312] The stimulating ray emitted from the light emit- 
ting diode stimulating ray source 1 1 0 passes through the 
filter 111, whereby light components of wavelengths not 
in the vicinity of that of the stimulating ray are cut. The 
stimulating ray then passes through the diffusion plate 
113 to be made uniform light and the biochemical anal- 
ysis unit 1 is Irradiated with the uniform stimulating ray 
[0313] When the biochemical analysis unit 1 is irradi- 
ated with the stimulating ray, a fluorescent substance 
such as a fluorescent dye selectively contained in a 
number of the absorptive regions 4 fonned in the sub- 
strate 2 of the biochemical analysis unit 1 is stimulated 
by the stimulating ray, thereby releasing fluorescence 
emission from a number of the absorptive regions 4 of 
the biochemical analysis unit 1 . 
[0314] The fluorescence emission released from a 
number of the absorptive regions 4 fonned in the sub- 
strate 2 of the biochemical analysis unit 1 impinges on 
the light receiving surface of the CCD 96 of the cooled 
CCD camera 91 through the filter 112 and the camera 
lens 107 and forms an image thereon. 
[0315] Since light components of wavelength equal to 
the stimulating ray wavelength are cut by the niter 112, 
only fluorescence emission released from the fluores- 
cent substance such as a fluorescent dye contained in 
a number of the absorptive regions 4 of the biochemical 
analysis unit 1 is received by the CCD 96. 
[0316] The CCD 96 receives light of the thus fonned 
image and accumulates it in the form of electric charges 
therein. 

[031 7] In this embodiment, since the substrate 2 of the 
biochemical analysis unit 1 Is made of stainless steel 
and is capable of attenuating light energy, it is possible 
to reliably prevent fluorescence emission released from 
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a fluorescent substance contained in each of the ab- 
sorptive regions 4 fronn being scattered in the substrate 
2 of the biochemical analysis unit 1 and nnixed with flu- 
orescence emission released from a fluorescent sub- 
stance contained In the neighboring absorptive regions 
4. 

[0318] When a predetermined exposure time has 
passed, the CPU 120 outputs an exposure completion 
signal to the camera control circuit 102 of the cooled 
CCD camera 91. 

[0319] When the camera controlling circuit 102 re- 
ceives the exposure completion signal from the CPU 
120, it transfers analog data accumulated in the CCD 
96 in the fonn of electric charge to the A/D converter 

1 00 to cause the A/D converter 1 00 to digitize the data 
and to temporarily store the thus digitized data in the 
data buffer 101. 

[0320] At the same time, the CPU 1 20 outputs a data 
transfer signal to the data transferring means 121 to 
cause it to read out the digital data from the data buffer 

1 01 of the cooled CCD camera 91 and to store them to 
the data storing means 122. 

[0321] When the user inputs a data processing signal 
through the keyboard 95, the CPU 120 outputs the dig- 
ital data stored in the data storing means 1 22 to the data 
processing means 123 and causes the data processing 
means 123 to effect data processing on the digital data 
in accordance with the user's instructions and store the 
thus processed digital data in the data storing means 
122. 

[0322] When the user then input a data display signal 
through the keyboard 81 , the CPU 120 outputs a data 
display signal to the displaying means 124 and causes 
the displaying means 124 to display biochemical anal- 
ysis data on the screen of the CRT 94 based on the dig- 
ital data stored In the data storing means 122. 
[0323] In this manner, fluorescent data recorded in a 
number of the absorptive regions 4 formed in the sub- 
strate 2 of the biochemical analysis unit 1 are read and 
biochemical analysis data are produced. 
[0324] According to this embodiment, since the hy- 
bridization reaction solution contained in the reaction 
vessel 8 is forcibly and repeatedly fed so as to cut 
through a number of the absorptive regions 4 formed in 
the substrate 2 of the biochemical analysis unit 1 held 
at the biochemical analysis unit holding section 7 while 
the temperature in the reaction vessel 8 is maintained 
within a predetermined temperature range, it is possible 
to markedly increase the moving rate of a substance de- 
rived from a living organism and contained in the hybrid- 
ization reaction solution through the absorptive regions 
4 of the biochemical analysis unit 1 in comparison with 
the case of moving a substance derived from a living 
organism and contained in the hybridization reaction so- 
lution only by convection or diffusion and hybridizing 
specific binding substances. Therefore, since it is pos- 
sible to markedly increase the reaction rate of hybridi- 
zation and it is possible to markedly increase the possi- 



bility of association of the substance derived from a liv- 
ing organism and contained in the hybridization reaction 
solution with the specific binding substances contained 
in deep portions of a number of the absorptive regions 

5 4 of the biochemical analysis unit 1 , the substance de- 
rived from a living organism and contained in the hybrid- 
ization reaction solution can be hybridized with the spe- 
cific binding substances fixed in a numberof the absorp- 
tive regions 4 of the biochemical analysis unit 1 in a de- 

10 sired manner. 

[0325] Further, according to this embodiment, since 
foreign matters such as substances which have not yet 
been dissolved and mixed into the hybridization reaction 
solution, deposits precipitated into the hybridization re- 

15 action solution and the like are removed by the filter 1 4 
provided in the solution circulation pipe 11 , it is possible 
to reliably prevent part or all of a number of the absorp- 
tive regions 4 formed In the substrate 2 of the biochem- 
ical analysis unit 1 from being clogged with foreign mat- 

20 ters such as substances which have not yet been dis- 
solved and mixed into the hybridization reaction solu- 
tion, deposits precipitated into the hybridization reaction 
solution and the like. Therefore, the substance derived 
from a living organism and contained in the hybridization 

25 reaction solution can be hybridized with the specific 
binding substances fixed in a number of the absorptive 
regions 4 of the biochemical analysis unit 1 in a desired 
manner. 

[0326] Furthenmore, according to this embodiment, 

30 since the hybridization reaction solution which has been 
mixed by the static mixer 1 3 provided in the solution cir- 
culating pipe 11 so that the concentration of a substance 
derived from a living organism is made unifomn therein 
is recycled into the reaction vessel 8. it is possible to 

35 unifomily feed a substance derived from a living organ- 
ism and contained In the hybridization reaction solution 
to a number of the absorptive regions 4 fonmed in the 
substrate 2 of the biochemical analysis unit 1 and , there- 
fore, the substance derived from a living organism and 

40 contained in the hybridization reaction solution can be 
hybridized with the specific binding substances fixed in 
a number of the absorptive regions 4 of the biochemical 
analysis unit 1 in a desired manner. 
[0327] Moreover, according to this embodiment, since 

45 the antibody solution contained In the reaction vessel 8 
is forcibly and repeatedly fed so as to cut through a 
nunnber of the absorptive regions 4 fomned in the sub- 
strate 2 of the biochemical analysis unit 1 held at the 
biochemical analysis unit holding section 7 while the 

50 temperature in the reaction vessel 8 is maintained within 
a predetermined temperature range, it is possible to 
markedly Increase the moving rate of an antibody con- 
tained in the antibody solution through the absorptive 
regions 4 of the biochemical analysis unit 1 in compar- 

55 ison with the case of moving an antibody contained in 
the antibody solution only by convection or diffusion and 
binding a hapten. Therefore, since it is possible to mark- 
edly increase the reaction rate of an antigen -antibody 
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reaction and it is possible to marl<edly increase the pos- 
sibility of association of an antibody to a hapten con- 
tained in the antibody solution with the hapten labeling 
a substance derived from a living organism and selec- 
tively hybridized with specific binding substances con- 
tained in deep portions of a number of the absorptive 
regions 4 of the biochemical analysis unit 1 , the antibody 
to a hapten contained in the antibody solution can be 
bound by an antigen-antibody reaction in a desired man- 
ner with the labeling a substance derived from a living 
organism and selectively hybridized with specific bind- 
ing substances contained in the absorptive regions 4 of 
the biochemical analysis unit 1 . 
[0328] Further, according to this embodiment, since 
foreign matters such as substances which have not yet 
been dissolved and mixed into the antibody solution, de- 
posits precipitated Into the antibody solution and the like 
are removed by the filter 1 4 provided in the solution cir- 
culation pipe 11 , it is possible to reliably prevent part or 
all of a number of the absorptive regions 4 fonned in the 
substrate 2 of the biochemical analysis unit 1 from being 
clogged with foreign matters such as substances which 
have not yet been dissolved and mixed into the antibody 
solution, deposits precipitated into the antibody solution 
and the like. Therefore, the antibody to a hapten con- 
tained in the antibody solution can be bound by an an- 
tigen-antibody reaction in a desired manner with the la- 
beling a substance derived from a living organism and 
selectively hybridized with specific binding substances 
contained in the absorptive regions 4 of the biochemical 
analysis unit 1 . 

[0329] Furthennore. according to this embodiment, 
since the antibody solution which has been mixed by the 
static mixer 13 provided in the solution circulating pipe 
1 1 so that the concentration of an antibody is made unh 
fonn therein is recycled into the reaction vessel 8, it is 
possible to uniformly feed the antibody contained in the 
antibody solution to a number of the absorptive regions 
4 fomned In the substrate 2 of the biochemical analysis 
unit 1 and, therefore, the antibody to a hapten contained 
in the antibody solution can be bound by an antigen- 
antibody reaction in a desired manner with the labeling 
a substance derived from a living organism and selec- 
tively hybridized with specific binding substances con- 
tained in the absorptive regions 4 of the biochemical 
analysis unit 1. 

[0330] Moreover, according to this embodiment, since 
the cleaning solution contained in the reaction vessel 8 
is forcibly and repeatedly fed so as to cut through a 
number of the absorptive regions 4 formed in the sub- 
strate 2 of the biochemical analysis unit 1 held at the 
biochemical analysis unit holding section 7 white the 
temperature in the reaction vessel 8 is maintained within 
a predetermined temperature range, even if a sub- 
stance derived from a living organism which should not 
be hybridized with specific binding substances ab- 
sorbed in the absorptive regions 4 formed in the sub- 
strate 2 of the biochemical analysis unit 1 has been ab- 



sorbed in the absorptive regions 4 during the process of 
hybridization, it is possible to efficiently peel off and re- 
move the substance derived from a living organism 
which should not be hybridized with specific binding 
5 substances absorbed in the absorptive regions 4 from 
a number of the absorptive regions 4 of the biochemical 
analysis unit 1 . Further, even if an antibody which should 
not be bonded with the hapten labeling a substance de- 
rived from a living body and selectively hybridized with 
10 specific binding substances absorbed in the absorptive 
regions 4 of the biochemical analysis unit 1 has been 
absorbed in the absorptive regions 4 fonned in the sub- 
strate 2 of the biochemical analysis unit 1 during the 
process of the antigen-antibody reaction, it is possible 
15 to efficiently peel off and remove the antibody which 
should not be bonded with the hapten from a number of 
the absorptive regions 4 of the biochemical analysis unit 
1 . Therefore, it is possible to markedly Improve the effi- 
ciency of the cleaning operation. 
[0331] Furthermore, according to this embodiment, it 
is possible to record ch em (luminescent data in a number 
of the absorptive regions 4 of the biochemical analysis 
unit 1 using the same reactor by selectively hybridizing 
a substance derived from a living organism and labeled 
with a hapten such as digoxigenin with specific binding 
substances absorbed in a number of the absorptive re- 
gions 4 of the biochemical analysis unit 1 and further 
binding by an antigen-antibody reaction an antibody to 
the hapten such as digoxigenin labeled with an enzyme 
which generates chemiluminescence emission when it 
contacts a chemiluminescent substrate with the hapten 
such as digoxigenin labeling the substance derived with 
a living organism. Therefore, it is possible to very effi- 
ciently record chemiluminescent data In a number of the 
absorptive regions 4 of the biochemical analysis unit 1 . 
Further, since a substance derived from a living organ- 
ism is labeled with a hapten such as digoxigenin having 
a low molecular weight and the substance derived from 
a living organism is selectively hybridized with specific 
binding substances absorbed in a numberof the absorp- 
tive regions 4 of the biochemical analysis unit 1 , It is pos- 
sible to hybridize specific binding substances and a sub- 
stance derived from a living organism in a desired man- 
ner and, therefore, it is possible to produce biochemical 
analysis data having an excellent quantitative charac- 
teristic by reading chemiluminescent data. 
[0332] Figure 18 is a schematic longitudinal cross- 
sectional view showing a reactor used for conducting a 
receptor-llgand association reaction which is another 
preferred embodiment of the present invention. 
[0333] As shown in Figure 1 8, the reactor according 
to this embodiment includes a reaction vessel 131 in 
which a biochemical analysis unit holding section 130 is 
provided for holding the biochemical analysis unit 1 . The 
biochemical analysis unit holding section 130 is consti- 
tuted so as to be able to prevent leakage of a liquid. 
[0334] The reaction vessel 131 includes a main body 
1 31 a, an upper half portion 131b and a lower half portion 
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131c. The upper half portion 131b are detachably 
mounted on the main body 131a of a reaction vessel 
131. 

[0335] Therefore, the biochemical analysis unit 1 can 
be set in the reaction vessel 1 31 by removing the upper 
half portion 1 31 b from the main body 1 31 a of a reaction 
vessel 131. 

[0336] As shown in Figure 18, a substantially center 
portion of the bottom wall of the lower half portion 1 31 c 
of the reaction vessel 131 is formed with a solution feed- 
ing opening 1 32 through which a solution can be fed into 
the reaction vessel 131 and a substantially center por- 
tion of the top wall of the upper half portion 1 31 b of the 
reaction vessel 131 is formed with a solution flow-in and 
flow-out opening 133 through which a solution can be 
fed into the reaction vessel 1 31 and discharged from the 
reaction vessel 131. 

[0337] As shown in Figure 18, a solution circulation 
pipe 134 is detachably attached to the solution flow-in 
and flow-out opening 133 formed in the upper half por- 
tion 131b of the reaction vessel 131 and the solution 
feeding opening 132 formed In the lower half portion 
131c of the reaction vessel 131 . 
[0338] In the solution circulation pipe 134, a syringe 
136 including a piston 135 is provided and static mixers 
1 37, 1 38 are provided on opposite sides of the syringe 
138. 

[0339] Further, as shown In Figure 18, the periphery 
of the reaction vessel 131 is covered with a jacket 1 40 
and a wamri water circulation pipe 141 is connected to 
the jacket 140, Warm water which has been heated by 
a heater 142 provided in the wamri water circulation pipe 
141 so as to have a predetermined temperature is sup- 
plied by a pump 143 into the jacket 140, thereby con- 
trolling the temperature inside of the reaction vessel 1 31 
within a predetermined temperature range. 
[0340] In the thus constituted reactor according to this 
embodiment, a substance derived from a living body, la- 
beled with a labeling substance and contained in a hy- 
bridization reaction solution selectively hybridizes spe- 
cific binding substances contained in a number of the 
absorptive regions 4 of the biochemical analysis unit 1 
in the following manner 

[0341] The upper half portion 131b is first removed 
from the main body 131a of the reaction vessel 131 and 
the biochemical analysis unit 1 fomied with a number of 
the absorptive regions 4 in which specific binding sub- 
stances are absorbed is set by a user at the biochemical 
analysis unit holding section 130 in the reaction vessel 
131. 

[0342] The upper half portion 131b is then attached 
to the main body 1 31a of the reaction vessel 1 31 and a 
hybridization reaction solution is prepared and fed into 
the reaction vessel 131, 

[0343] Similarly to the previous embodiment, in this 
embodiment, a hybridization reaction solution contain- 
ing a substance derived from a living organism and la- 
beled with a radioactive labeling substance, a sub- 



stance derived from a living organism and labeled with 
a fluorescent substance such as a fluorescent dye and 
a substance derived from a living organism and labeled 
with a hapten such as digoxigenin is prepared and fed 
5 into the reaction vessel 1 31 through the solution feeding 
opening 132 formed in the lower half portion 131c of the 
reaction vessel 131. 

[0344] When the inside of the reaction vessel 131 has 
been filled with the hybridization reaction solution, the 

10 solution circulation pipe 1 34 is attached to the solution 
feeding opening 132 fomried in the lower half portion 
131c of the reaction vessel 131. 
[0345] Warm water which has been heated by the 
heater 142 so as to have a predetemfiined temperature 

IS Is then supplied by the pump 143 Into the jacket 1 40. 
[0346] The wann water supplied into the jacket 1 40 is 
circulated through the warm water circulation pipe 141 
and is again heated by the heater 1 42 so as to have the 
predetermined temperature to be fed into the jacket 140. 

20 Thus, the warm water whose temperature is adjusted to 
be the predetermined temperature is circulated through 
the jacket 140 and the warm water circulation pipe 141 . 
[0347] When the warni water has been recycled 
through the jacket 140 and the warm water circulation 

25 pipe 141 in this manner and the temperature in the re- 
action vessel 1 31 has reached a predetermined temper- 
ature, a piston motor (not shown) for driving the piston 
1 35 of the syringe 1 36 is driven , thereby moving the pis- 
ton 135 of the syringe 136 upward in Figure 18. 

30 [0348] When the piston 135 of the syringe 136 is 
moved upward in Figure 18, the hybridization reaction 
solution contained in the space above the biochemical 
analysis unit 1 held at the biochemical analysis unit hold- 
ing section 1 30 of the reaction vessel 1 31 is pressurized 

35 and is forcibly fed as indicated by arrows A in Figure 1 8 
from the upper side of the biochemical analysis unit 1 
held at the biochemical analysis unit holding section 1 30 
toward the lower side thereof so as to cut through a 
number of the absorptive regions 4 formed in the sub- 

40 strate 2 of the biochemical analysis unit 1 . 

[0349] As a result, a substance derived from a living 
organism and contained in the hybridization reaction so- 
lution is selectively hybridized with specific binding sub- 
stances contained in a number of the absorptive regions 

45 4 of the biochemical analysis unit 1 . 

[0350] The piston 1 35 of the syringe 1 36 Is moved up- 
ward in Figure 1 8 until the hybridization reaction solution 
has flown Into the solution circulation pipe 134 from the 
reaction vessel 131 through the solution feeding open- 

50 ing 1 32 and has been fed to the static mixer 1 37 provid- 
ed in the solution circulation pipe 134. 
[0351] As a result, the hybridization reaction solution 
flowing into the solution circulation pipe 134 is unifonnly 
mixed by the static mixer 137. 

55 [0352] The piston motor (not shown) is then driven so 
that the piston 135 of the syringe 136 is moved down- 
ward in Figure 1 8. 

[0353] When the piston 135 of the syringe 136 is 
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moved downward in Figure 18, the hybridization reac- 
tion solution which has been uniformly mixed by the stat- 
ic mixer 137 flows into the reaction vessel 131 through 
the solution feeding opening 132 and is forcibly fed as 
indicated by arrows B in Figure 18 from the lower side 
of the biochemical analysis unit 1 held at the biochemi- 
cal analysis unit holding section 130 toward the upper 
side thereof so as to cut through a number of the ab- 
sorptive regions 4 fonned in the substrate 2 of the bio- 
chemical analysis unit 1. 

[0354] As a result, a substance derived from a living 
organism and contained In the hybridization reaction so- 
lution is selectively hybridized with specific binding sub- 
stances contained in a number of the absorptive regions 
4 of the biochemical analysis unit 1 . 
[0355] The piston 135 of the syringe 136 is moved 
downward in Figure 1 8 until the hybridization reaction 
solution has flown Into the solution circulation pipe 1 34 
from the reaction vessel 131 through the solution flow- 
in and flow-out opening 133 and has been fed to the 
static mixer 1 38 provided in the solution circulation pipe 
134. 

[0356] As a result, the hybridization reaction solution 
flowing into the solution circulation pipe 134 Is uniformly 

mixed by the static mixer 138. 

[0357] The piston motor (not shown) is then driven so 
that the piston 135 of the syringe 136 is moved upward 
in Figure 18. 

[0358] When the piston 135 of the syringe 136 is 
moved upward in Figure 18, the hybridization reaction 
solution which has been unifomiiy mixed by the static 
mixer 1 38 flows into the reaction vessel 1 31 through the 
solution flow-in and flow-out opening 1 33 and is forcibly 
fed as indicated by the arrows A in Figure 18 from the 
upper side of the biochemical analysis unit 1 held at the 
biochemical analysis unit holding section 1 30 toward the 
lower side thereof so as to cut through a number of the 
absorptive regions 4 fonned in the substrate 2 of the bi- 
ochemical analysis unit 1 , whereby a substance derived 
from a living organism and contained in the hybridization 
reaction solution is selectlveiy hybridized with specific 
binding substances contained In a number of the ab- 
sorptive regions 4 of the biochemical analysis unit 1 . 
[0359] Similar operations are repeated a predeter- 
mined number of times. 

[0360] While the hybridization reaction Is being per- 
formed, the wann water is constantly supplied into the 
jacket 1 40 so that the temperature in the reaction vessel 
131 is maintained within a predetennined temperature 
range, thereby facilitating the hybridization reaction. 
[0361] In this manner, in this embodiment, since the 
hybridization reaction solution contained in the space on 
one side of the biochemical analysis unit 1 held at the 
biochemical analysis unit holding section 130 of the re- 
action vessel 131 Is pressurized and is forcibly moved 
so as to cut through a number of the absorptive regions 
4 fonned in the substrate 2 of the biochemical analysis 
unit 1 every time the piston 135 of the syringe 136 is 



moved vertically, it is possible to markedly increase the 
moving rate of a substance derived from a living organ- 
ism and contained in the hybridization reaction solution 
through the absorptive regions 4 of the biochemical 
5 analysis unit 1 in comparison with the case of moving a 
substance derived from a living organism and contained 
in the hybridization reaction solution only by convection 
or diffusion and hybridizing specific binding substances. 
Therefore, since it is possible to mari<edly increase the 

10 reaction rate of hybridization and it is possible to mark- 
edly Increase the possibility of association of the sub- 
stance derived from a living organism and contained in 
the hybridization reaction solution with the specific bind- 
ing substances contained in deep portions of a number 

15 of the absorptive regions 4 of the biochemical analysis 
unit 1 , the substance derived from a living organism and 
contained In the hybridization reaction solution can be 
hybridized with the speclfb binding substances fixed in 
a number of the absorptive regions 4 of the biochemical 

20 analysis unit 1 in a desired manner. 

[0362] Further, in this embodiment, since the hybridi- 
zation reaction solution which has been mixed by one 
of the static mixers 137, 1 38 provided in the solution cir- 
culating pipe 134 so that the concentration of a sub- 

25 stance derived from a living organism is made uniform 
therein is recycled into the reaction vessel 1 31 , it is pos- 
sible to unifonnly feed a substance derived from a living 
organism and contained in the hybridization reaction so- 
lution to a number of the absorptive regions 4 formed in 

30 the substrate 2 of the biochemical analysis unit 1 and, 
therefore, the substance derived from a living organism 
and contained in the hybridization reaction solution can 
be hybridized with the specific binding substances fixed 
in a number of the absorptive regions 4 of the biochem- 

35 ical analysis unit 1 in a desired manner. 

[0363] When a predetemrilnedtime period has passed 
and the hybridization reaction has been completed in 
this manner, the solution circulation pipe 134 is removed 
from the solution feeding opening 132 and the hybridi- 

"^0 zation reaction solution is discharged from the reaction 
vessel 131 through the solution feeding opening 132. 
[0364] When the discharge of the hybridization reac- 
tion solution from the reactlor? v jssel 1 31 has been com- 
pleted, a cleaning solution is fed into the reaction vessel 
131 through the solution feeding opening 132. 
[0365] When the Inside of the reaction vessel 1 31 has 
been filled with the cleaning solution, the solution circu- 
lation pipe 1 34 is attached to the solution feeding open- 
ing 132 formed in the lower half portion 131c of the re- 

50 action vessel 131. 

[0366] The piston motor (not shown) is then driven so 
that the piston 1 35 of the syringe 1 36 Is moved upward 
In Figure 18. 

[0367] When the piston 135 of the syringe 136 is 
55 moved upward in Figure 18, the cleaning solution con- 
tained in the space above the biochemical analysis unit 
1 held at the biochemical analysis unit holding section 
1 30 of the reaction vessel 1 31 is pressurized and is for- 
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cibly fed as indicated by the arrows A in Figure 18 from 
the upper side of the biochemical analysis unit 1 held at 
the biochemical analysis unit holding section 130 toward 
the lower side thereof so as to cut through a number of 
the absorptive regions 4 fonned In the substrate 2 of the 
biochemical analysis unit 1. 

[0368] As a result, a number of the absorptive regions 
4 of the biochemical analysis unit 1 held at the biochem- 
ical analysis unit holding section 1 30 are cleaned by the 
cleaning solution moving from the upper side of the bi- 
ochemical analysis unit 1 toward the lower side thereof. 
[0369] The piston 1 35 of the syringe 1 36 is moved up- 
ward in Figure 18 until the cleaning solution has flown 
into the solution circulation pipe 134 from the reaction 
vessel 131 through the solution feeding opening 132 
and has been fed to the static mixer 1 37 provided in the 
solution circulation pipe 134. 

[0370] As a result, the cleaning solution flowing into 
the solution circulation pipe 134 is uniformly mixed by 
the static mixer 137. 

[0371 ] The piston motor (not shown) Is then driven so 
that the piston 135 of the syringe 138 Is moved down- 
ward in Figure 1 8. 

[0372] When the piston 135 of the syringe 136 is 
moved downward in Figure 18, the cleaning solution 
which has been uniformly mixed by the static mixer 1 37 
flows Into the reaction vessel 131 through the solution 
feeding opening 132 and is forcibly fed as indicated by 
the arrows B in Figure 18 from the lower side of the bi- 
ochemical analysis unit 1 held at the biochemical anal- 
ysis unit holding section 130 toward the upper side 
thereof so as to cut through a number of the absorptive 
regions 4 fomned in the substrate 2 of the biochemical 
analysis unit 1 . 

[0373] As a result, a number of the absorptive regions 
4 of the biochemical analysis unit 1 held at the biochem- 
ical analysis unit holding section 1 30 are cleaned by the 
cleaning solution moving from the lower side of the bio- 
chemical analysis unit 1 toward the upper side thereof. 
[0374] The piston 135 of the syringe 136 Is moved 
downward in Figure 18 until the cleaning solution has 
flown into the solution circulation pipe 134 from the re- 
'^'•tion vessel 1 31 through the solution flow-in and flow- 
out opening 133 and has been fed to the static mixer 
138 provided in the solution circulation pipe 134. 
[0375] As a result, the cleaning solution flowing into 
the solution circulalion pipe 134 is uniformly mixed by 
the static mixer 138. 

[0376] The piston motor (not shown) is then driven so 
that the piston 135 of the syringe 136 is moved upward 
in Figure 18. 

[0377] When the piston 135 of the syringe 136 Is 
moved upward in Figure 1 8, the cleaning solution which 
has been uniformly mixed by the static mixer 138 flows 
into the reaction vessel 131 through the solution flow-in 
and flow-out opening 133 and is forcibly fed as indicated 
by the arrows A in Figure 1 8 from the upper side of the 
biochemical analysis unit 1 held at the biochemical anal- 



ysis unit holding section 1 30 toward the lowerside there- 
of so as to cut through a number of the absorptive re- 
gions 4 fomned In the substrate 2 of the biochemical 
analysis unit 1 . whereby a number of the absorptive re- 
5 gions 4 of the biochemical analysis unit 1 held at the 
biochemical analysis unit holding section 130 are 
cleaned by the cleaning solution. 
[0378] Similar operations are repeated a predeter- 
mined number of times. 

[0379] While the cleaning operation Is being per- 
formed; the warm water is constantly supplied into the 
jacket 140 so that the temperature in the reaction vessel 
131 is maintained within a predetermined temperature 
range, thereby facilitating the cleaning of a number of 
the absorptive regions 4 of the biochemical analysis unit 
1. 

[0380] In this manner, In this embodiment, since the 
cleaning solution contained in the space on one side of 
the biochemical analysis unit 1 held at the biochemical 
analysis unit holding section 130 of the reaction vessel 
131 is pressurized and is forcibly moved so as to cut 
through a number of the absorptive regions 4 fomned In 
the substrate 2 of the biochemical analysis unit 1 every 
time the piston 1 35 of the syringe 1 36 is moved vertical- 
ly, even if a substance derived from a living organism 
which should not be hybridized with specific binding 
substances absorbed in the absorptive regions 4 formed 
in the substrate 2 of the biochemical analysis unit 1 has 
been absorbed in the absorptive regions 4 during the 
process of hybridization, it Is possible to efficiently peel 
off and remove the substance derived from a living or- 
ganism which should not be hybridized with specific 
binding substances absorised In the absorptive regions 
4 from a number of the absorptive regions 4 of the bio- 
chemical analysis unit 1 and markedly improve the effi- 
ciency of the cleaning operation. 
[0381 ] When a predetermined time period has passed 
and the cleaning operation has been completed in this 
manner, the solution circulation pipe 134 is removed 
from the solution feeding opening 132 and the cleaning 
solution is discharged from the reaction vessel 131 
through the solution feeding opening 132. 
[0382] As described above, radiation data of a radio- 
active labeling substance and a fluorescence data of a 
fluorescent substance such as a fluorescent dye are re- 
corded in a number of the absorptive regions 4 formed 
in the subslrale 2 of the biochemical analysis unit 1 . 
[0383] Similarly to the previous embodiment, the flu- 
orescence data recorded in a number of the absorptive 
regions 4 of the biochemical analysis unit 1 are read by 
the scanner ishown in Figures 6 to 13 and biochemical 
analysis data arc produced. 

[0384] On the other hand, similarly to the previous 
embodiment, the radiation data recorded in a number of 
the absorptive regions 4 of the biochemical analysis unit 
1 are transferred onto the stimu table phosphor sheet 20 
shown in Figure 4 and read by the scanner shown in 
Figures 6 to 1 3, thereby producing biochemical analysis 
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data. 

[0385] To the contrary, in order to record chemilumi- 
nescence data in a number of the absorptive regions 4 
formed in the substrate 2 of the biochemical analysis 
unit 1 , an antibody solution containing an antibody to the 
hapten such as digoxigenin labeled with an enzyme 
which generates chemiluminescence emission when it 
contacts a chemiluminescent substrate is further pre- 
pared and fed into the reaction vessel 131 and the an- 
tibody to the hapten such as digoxigenin labeled with an 
enzyme which generates chemiluminescence emission 
when it contacts a chemiluminescent substrate is bound 
with the hapten such as digoxigenin labeling a sub- 
stance derived from a living organism selectively hybrid- 
ized with specific binding substances absorbed in a 
number of the absorptive regions 4 formed in the sub- 
strate 2 of the biochemical analysis unit 1 by the an an- 
tigen-antibody reaction. 

[0386] Specifically, when the discharge of the clean- 
ing solution from the reaction vessel 131 has been com- 
pleted, an antibody solution containing an antibody to 
the hapten such as digoxigenin labeled with an enzyme 
which generates chemiluminescence emission when it 
contacts a chemiluminescent substrate is fed into the 
reaction vessel 131 through the solution feeding open- 
ing 132. 

[0387] When the inside of the reaction vessel 8 has 
been filled with the antibody solution, the solution circu- 
lation pipe 134 Is attached to the solution feeding 132. 
[0388] The piston motor (not shown) for driving the 
piston 135 of the syringe 136 is then driven, thereby 
moving the piston 1 35 of the syringe 1 36 upward in Fig- 
ure 18. 

[0389] When the piston 135 of the syringe 136 is 
moved upward in Figure 18, the antibody solution con- 
tained In the space above the biochemical analysis unit 
1 held at the biochemical analysis unit holding section 
1 30 of the reaction vessel 1 31 is pressurized and is for- 
cibly fed as indicated by the an-ows A in Figure 18 from 
the upper side of the biochemical analysis unit 1 held at 
the biochemical analysis unit holding section 130 toward 
the lower side thereof so as to cut through a number of 
the absorptive regions 4 formed in the substrate 2 of the 
biochemical analysis unit 1 . 

[0390] As a result, an antibody to a hapten such as 
digoxigenin labeled with an enzyme which generates 
chemiluminescence emission when it contacts a chemi- 
luminescent substrate Is bound by an antigen-antibody 
reaction with the hapten such as digoxigenin labeling a 
substance derived from a living organism selectively hy- 
bridized with specific binding substances absorbed in a 
number of the absorptive regions 4 formed in the sub- 
strate 2 of the biochemical analysis unit 1 . 
[0391 ] The piston 1 35 of the syringe 1 36 is moved up- 
ward in Figure 18 until the antibody solution has flown 
Into the solution circulation pipe 134 from the reaction 
vessel 131 through the solution feeding opening 132 
and has been fed to the static mixer 1 37 provided In the 



solution circulation pipe 134. 

[0392] As a result, the antibody solution flowing into 
the solution circulation pipe 134 is uniformly mixed by 
the static mixer 137. 
5 [0393] The piston motor (not shown) is then driven so 
that the piston 135 of the syringe 136 is moved down- 
ward in Figure 18. 

[0394] When the piston 135 of the syringe 136 is 
moved downward in Figure 18, the antibody solution 
10 which has been unifomnly mixed by the static mixer 1 37 
flows into the reaction vessel 131 through the solution 
feeding opening 132 and Is forcibly fed as indicated by 
the arrows B in Figure 1 8 from the lower side of the bi- 
, ochemical analysis unit 1 held at the biochemical anat- 
15 ysis unit holding section 130 toward the upper side 
thereof so as to cut through a number of the absorptive 
regions 4 fomried in the substrate 2 of the biochemical 
analysis unit 1 . 

[0395] As a result, an antibody to a hapten such as 
digoxigenin labeled with an enzyme which generates 
chemiluminescence emission when it contacts a chemi- 
luminescent substrate Is bound by an antigen-antibody 
reaction with the hapten such as digoxigenin labeling a 
substance derived from a living organism selectively hy- 
bridized with specific binding substances absorbed in a 
number of the absorptive regions 4 formed in the sub- 
strate 2 of the biochemical analysis unit 1 . 
[0396] The piston 135 of the syringe 136 is moved 
downward in Figure 18 until the antibody solution has 
flown into the solution circulation pipe 134 from the re- 
action vessel 131 through the solution flow-in and flow- 
out opening 133 and has been fed to the static mixer 
138 provided in the solution circulation pipe 134. 
[0397] As a result, the antibody solution flowing into 
the solution circulation pipe 134 is uniformly mixed by 
the static mixer 138. 

[0398] The piston motor (not shown) is then driven so 
that the piston 1 35 of the syringe 1 36 is moved upward 
in Figure 18. 

[0399] When the piston 135 of the syringe 136 Is 
moved upward in Figure 18, the antibody solution which 
has been unifomnly mixed by the static mixe^ 1 38 flows 
into the reaction vessel 1 31 through the sok i flow-in 
and flow-out opening 1 33 and is forcibly fed as indicated 
by the arrows A in Figure 1 8 from the upper side of the 
biochemical analysis unit 1 held at the biochemical anal- 
ysis unit holding section 1 30 toward the lowerside there- 
of so as to cut through a number of the absorptive re- 
gions 4 fomried in the substrate 2 of the biochemical 
analysis unit 1 , whereby a substance derived from a liv- 
ing organism and contained in the hybridization reaction 
solution is selectively hybridized with specific binding 
substances contained in a number of the absorptive re- 
gions 4 of the biochemical analysis unit 1 , whereby an 
antibody to a hapten such as digoxigenin labeled with 
an enzyme which generates chemiluminescence emis- 
sion when it contacts a chemiluminescent substrate is 
bound by an antigen-antibody reaction with the hapten 
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such as digoxigenin labeling a substance derived from 
: a living organism selectively hybridized with specific 

' binding substances absorbed in a number of the absorp- 

tive regions 4 formed in the substrate 2 of the biochenrv 
i ical analysis unit 1 . s 

j [0400] Similar operations are repeated a predeter- 

1 mined number of times. 

[0401] While the antigen-antibody reaction is being 
performed, the warm water is constantly supplied into 
the jacket 140 so that the temperature in the reaction io 
vessel 131 Is maintained within a predetemiined tem- 
perature range, thereby facilitating the antigen-antibody 
reaction. 

[0402] In this manner, in this embodiment, since the 
antibody solution contained In the space on one side of is 
' the biochemical analysis unit 1 held at the biochemical 

I analysis unit holding section 1 30 of the reaction vessel 

j 131 is pressurized and is forcibly moved so as to cut 

! through a number of the absorptive regions 4 formed in 

. the substrate 2 of the biochemical analysis unit 1 every 20 

time the piston 1 35 of the syringe 1 36 is moved vertical- 
ly, it is possible to markedly increase the moving rate of 
an antibody contained In the antibody solution through 
the absorptive regions 4 of the biochemical analysis unit 
1 in comparison with the case of moving an antibody 25 
contained in the antibody solution only by convection or 
diffusion and binding a hapten. Therefore, since it is pos- 
sible to markedly increase the reaction rate of an anti- 
gen-antibody reaction and it is possible to markedly in- 
crease the possibility of association of an antibody to a 30 
, hapten contained in the antibody solution with the hap- 

ten labeling a substance derived from a living organism 
selectively hybridized with specific binding substances 
absorbed in a number of the absorptive regions 4 
; formed in the substrate 2 of the biochemical analysis 35 

unit 1 , it is possible to bind in a desired manner by an 
antigen-antibody reaction an antibody to a hapten con- 
tained in the antibody solution with the hapten labeling 
a substance derived from a living organism selectively 
hybridized with specific binding substances absorbed in 40 
a number of the absorptive regions 4 fonned in the sub- 
strate 2 of the biochemical analysis unit 1 . 
[0403] Further, in this embodiment, since the antibody 
solution which has been mixed by one of the static mix- 
ers 1 37, 1 38 provided in the solution circulating pipe 1 34 ^5 
so that the concentration of an antibody Is made unifonn 
therein is recycled into the reaction vessel 1 3 1 , il is pos- 
sible to uniformly feed an antibody contained in the an- 
tibody solution to a number of the absorptive regions 4 
formed in the substrate 2 of the biochemical analysis so 
\ unit 1 and, therefore, it is possible to bind in a desired 

j manner by an antigen-antibody reaction an antibody to 

a hapten contained in the antibody solution with the hap- 
» ten labeling a substance derived from a living organism 

selectively hybridized with specific binding substances ss 
' absorbed in a number of the absorptive regions 4 

formed in the substrate 2 of the biochemical analysis 
unit 1. 



[0404] When a predetemnined time period has passed 
and the antigen-antibody reaction has been completed 
In this manner, the solution circulation pipe 134 is re- 
moved from the solution feeding opening 1 32 and the 
antibody solution Is discharged from the reaction vessel 
131 through the solution feeding opening 132. 
[0405] When the discharge of the antibody solution 
from the reaction vessel 131 has been completed, a 
cleaning solution is fed into the reaction vessel 131 
through the solution feeding opening 132. 
[0406] When the Inside of the reaction vessel 1 31 has. 
been filled with the cleaning solution, the solution circu- 
lation pipe 134 is attached to the solution feeding open- 
ing 132 fonned in the lower half portion 131c of the re- 
action vessel 131. 

[0407] The piston motor (not shown) is then driven so 
that the piston 135 of the syringe 136 is moved upward 

in Figure 18. 

[0408] When the piston 135 of the syringe 136 is 
moved upward in Figure 18, the cleaning solution con- 
tained in the space above the biochemical analysis unit 
1 held at the biochemical analysis unit holding section 
130 of the reaction vessel 131 is pressurized and is for- 
cibly fed as indicated by the arrows A in Figure 18 from 
the upper side of the biochemical analysis unit 1 held at 
the biochemical analysts unit holding section 1 30 toward 
the lower side thereof so as to cut through a number of 
the absorptive regions 4 fomned in the substrate 2 of the 
biochemical analysis unit 1 . 

[0409] As a result, a number of the absorptive regions 
4 of the biochemical analysis unit 1 held at the biochem- 
ical analysis unit holding section 1 30 are cleaned by the 
cleaning solution moving from the upper side of the bi- 
ochemical analysis unit 1 toward the lower side thereof. 
[0410] The piston 1 35 of the syringe 1 36 is moved up- 
ward in Figure 18 until the cleaning solution has flown 
into the solution circulation pipe 134 from the reaction 
vessel 131 through the solution feeding opening 132 
and has been fed to the static mixer 137 provided in the 
solution circulation pipe 134. 
[0411] As a result, the cleaning solution flowing into 
the solution circulation pipe 134 is unifomily mixed by 
the static mixer 1 37. 

[041 2] The piston motor (not shown) is then driven so 
that the piston 135 of the syringe 136 is moved down- 
ward In Figure 1 8. 

[0413] When the piston 135 of the syringe 136 is 
moved downward in Figure 18, the cleaning solution 
which has been uniformly mixed by the static mixer 1 37 
flows Into the reaction vessel 131 through the solution 
feeding opening 132 and is forcibly fed as indicated by 
the arrows B in Figure 1 8 from the lower side of the bi- 
ochemical analysis unit 1 held at the biochemical anal- 
ysis unit holding section 130 toward the upper side 
thereof so as to cut through a number of the absorptive 
regions 4 formed in the substrate 2 of the biochemical 
analysis unit 1 . 

[0414] As a result, a number of the absorptive regions 
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4 of the biochemical analysis unit 1 held at the biochem- 
ical analysis unit holding section 1 30 are cleaned by the 
cleaning solution moving from the lower side of the bio- 
chemical analysis unit 1 toward the upper side thereof. 
[0415] The piston 135 of the syringe 136 is moved 
downward in Figure 18 until the cleaning solution has 
flown Into the solution circulation pipe 134 from the re- 
action vessel 131 through the solution flow-in and flow- 
out opening 133 and has been fed to the static mixer 
138 provided in the solution circulation pipe 134. 
[0416] As a result the cleaning solution flowing Into 
the solution circulation pipe 134 Is uniformly mixed by 
the static mixer 138. 

[041 7] The piston motor (not shown) is then driven so 
that the piston 135 of the syringe 136 Is moved upward 
in Figure 18. 

[0418] When the piston 135 of the syringe 136 Is 
moved upward in Figure 1 8, the cleaning solution which 
has been unifonnly mixed by the static mixer 138 flows 
into the reaction vessel 131 through the solution flow-in 
and flow-out opening 1 33 and is forcibly fed as indicated 
by the arrows A in Figure 1 8 from the upper side of the 
biochemical analysis unit 1 held at the biochemical anal- 
ysis unit holding section 1 30 toward the lower side there- 
of so as to cut through a number of the absorptive re- 
gions 4 fomned in the substrate 2 of the biochemical 
analysis unit 1 , whereby a number of the absorptive re- 
gions 4 of the biochemical analysis unit 1 held at the 
biochemical analysis unit holding section 130 are 
cleaned by the cleaning solution. 
[0419] Similar operations are repeated a predeter- 
mined number of times. 

[0420] While the cleaning operation is being per- 
formed, the wamn water is constantly supplied into the 
jacket 1 40 so that the temperature in the reaction vessel 
131 Is maintained within a predetemnined temperature 
range, thereby facilitating the cleaning of a number of 
the absorptive regions 4 of the biochemical analysis unit 
1. 

[0421] In this manner, in this embodiment, since the 
cleaning solution contained in the space on one side of 
the biochemical analysis unit 1 held at the biochemical 
analysis unit holding section 130 of the reaction vessel 
131 is pressurized and is forcibly moved so as to cut 
through a number of the absorptive regions 4 formed in 
the substrate 2 of the biochemical analysis unit 1 every 
time the piston 1 35 of the syringe 1 36 is moved vertical- 
ly, even if an antibody which should not be bound with 
the hapten labeling a substance derived from a living 
body and selectively hybridized with specific binding 
substances absorbed in the absorptive regions 4 of the 
biochemical analysis unit 1 has been absorbed in the 
absorptive regions 4 fomied in the substrate 2 of the bi- 
ochemical analysis unit 1 during the process of the an- 
tigen-antibody reaction, it is possible to efficiently peel 
off and remove the antibody which should not be bonded 
with the hapten from a number of the absorptive regions 
4 of the biochemical analysis unit 1 and the efficiency of 



the cleaning operation can be markedly improved. 
[0422] When a predetennined time period has passed 

and the cleaning operation has been completed in this 
manner, the solution circulation pipe 134 is removed 

5 from the solution feeding opening 132 and the cleaning 
solution is discharged from the reaction vessel 131 
through the solution feeding opening 132. 
[0423] As described above, chemiluminescence data 
are recorded in a number of the absorptive regions 4 

10 formed in the substrate 2 of the biochemical analysis 
unit 1 . 

[0424] Similarly to the previous embodiment, chemi- 
luminescence data recorded In a number of the absorp- 
tive regions 4 fomried In the substrate 2 of the biochem- 

15 ical analysis unit 1 are read by the cooled CCD camera 
91 of the data producing system shown in Figure 1 5 and 
biochemical analysts data are produced. 
[0425] According to this embodiment, since the hy- 
bridization reaction solution contained in the space on 
one side of the biochemical analysis unit 1 held at the 
biochemical analysis unit holding section 130 of the re- 
action vessel 131 is pressurized and is forcibly moved 
so as to cut through a number of the absorptive regions 
4 fomied in the substrate 2 of the biochemical analysis 
unit 1 every time the piston 1 35 of the syringe 1 36 is 
moved vertically, it is possible to markedly increase the 
moving rate of a substance derived from a living organ- 
ism and contained in the hybridization reaction solution 
through the absorptive regions 4 of the biochemical 
analysis unit 1 in comparison with the case of moving a 
substance derived from a living organism and contained 
in the hybridization reaction solution only by convection 
or diffusion and hybridizing specific binding substances. 
Therefore, since it is possible to markedly increase the 
reaction rate of hybridization and it is possible to mark- 
edly increase the possibility of association of the sub- 
stance derived from a living organism and contained in 
the hybridization reaction solution with the specific bind- 
ing substances contained in deep portions of a number 
of the absorptive regions 4 of the biochemical analysis 
unit 1 , the substance derived from a living organism and 
contained in the hybridization reaction solution can be 
hybridized with the specific bin- iing substances fixed In 
a number of the absorptive regions 4 of the biochemical 
analysis unit 1 in a desired manner. 
[0426] Further, according to this embodiment, since 
the hybridization reaction solution which has been 
mixed by one of the static mixers 137, 138 provided in 
the solution circulating pipe 134 so that the concentra- 
tion of a substance derived from a living organism is 
made uniform there in is recycled into the reaction vessel 
131 , it is possible to unifonnly feed a substance derived 
from a living organism and contained In the hybridization 
reaction solution to a number of the absorptive regions 
4 formed in the substrate 2 of the biochemical analysis 
unit 1 and, therefore, the substance derived from a living 
organism and contained in the hybridization reaction so- 
lution can be hybridized with the specific binding sub- 
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stances fixed in a number of the absorptive regions 4 of 
the biochemical analysis unit 1 in a desired manner 
[0427] Furthermore, according to this embodiment, 
since the antibody solution contained in the space on 
one side of the biochemical analysis unit 1 held at the 5 
biochemical analysis unit holding section 1 30 of the re- 
action vessel 131 is pressurized and is forcibly moved 
so as to cut through a number of the absorptive regions 
4 formed in the substrate 2 of the biochemical analysis 
unit 1 every time the piston 135 of the syringe 136 is 
moved vertically, It Is possible to markedly increase the 
moving rate of an antibody contained in the antibody so- 
lution through the absorptive regions 4 of the biochem- 
ical analysis unit 1 in comparison with the case of mov- 
ing an antibody contained in the antibody solution only 
by convection or diffusion and binding a hapten. There- 
fore, since it Is possible to markedly Increase the reac- 
tion rate of an antigen-antibody reaction and it is possi- 
ble to markedly increase the possibility of association of 
an antibody to a hapten contained In the antibody solu- 
tion with the hapten labeling a substance derived from 
a living organism selectively hybridized with specific 
binding substances absorbed in a number of the absorp- 
tive regions 4 fonned in the substrate 2 of the biochem- 
ical analysis unit 1 , it is possible to bind in a desired man- 
ner by an antigen-antibody reaction an antibody to a 
hapten contained in the antibody solution with the hap- 
ten labeling a substance derived from a living organism 
selectively hybridized with specific binding substances 
absorbed in a number of the absorptive regions 4 
fonned in the substrate 2 of the biochemical analysis 
unit 1. 

[0428] Moreover, according to this embodiment, since 
the antibody solution contained in the space on one side 
of the biochemical analysis unit 1 held at the biochemi- 
cal analysis unit holding section 1 30 of the reaction ves- 
sel 1 31 is pressurized and is forcibly moved so as to cut 
through a number of the absorptive regions 4 formed in 
the substrate 2 of the biochemical analysis unit 1 every 
time the piston 1 35 of the syringe 1 36 is moved vertical- 
ly, it Is possible to markedly increase the moving rate of 
an antibody contained in the antibody solution through 
'-^ B absorptive regions 4 of the biochemical analysis unit 
1 In comparison with the case of moving an antibody 
contained in the antibody solution only by convection or 
diffusion and binding a hapten. Therefore, since it Is pos- 
sible to markedly increase the reaction rale of an anti- 
gen-antibody reaction and it is possible to markedly in- 
crease the possibility of association of an antibody to a 
hapten contained in the antibody solution with the hap- 
ten labeling a substance derived from a living organism 
selectively hybridized with specific binding substances 
absorbed in a number of the absorptive regions 4 
formed in the substrate 2 of the biochemical analysis 
unit 1, it is possible to bind in a desired manner by an 
antigen-antibody reaction an antibody to a hapten con- 
tained in the antibody solution with the hapten labeling 
a substance derived from a living organism selectively 



hybridised with specific binding substances absorbed in 
a number of the absorptive regions 4 formed In the sub- 
strate 2 of the biochemical analysis unit 1 . 
[0429] Further, according to this embodiment, since 
the cleaning solution contained in the space on one side 
of the biochemical analysis unit 1 held at the biochemi- 
cal analysis unit holding section 130 of the reaction ves- 
sel 131 is pressurized and is forcibly moved so as to cut 
through a number of the absorptive regions 4 fonned in 
the substrate 2 of the biochemical analysis unit 1 every 
time the piston 1 35 of the syringe 1 36 is moved vertical- 
ly, even if a substance derived from a living organism 
which should not be hybridized with specific binding 
substances absorbed in the absorptive regions 4 formed 
in the substrate 2 of the biochemical analysis unit 1 has 
been absorbed in the absorptive regions 4 during the 
process of hybridization, it Is possible to efficiently peel 
off and remove the substance derived from a living or- 
ganism which should not be hybridized with specific 
binding substances absorbed in the absorptive regions 
4 from a number of the absorptive regions 4 of the bio- 
chemical analysis unit 1 . Further, even if an antibody 
which should not be bound with the hapten labeling a 
substance derived from a living body and selectively hy- 
bridized with specific binding substances absorbed in 
the absorptive regions 4 of the biochemical analysis unit 
1 has been absorbed in the absorptive regions 4 fonned 
in the substrate 2 of the biochemical analysis unit 1 dur- 
ing the process of the antigen-antibody reaction, it. Is 
possible to efficiently peel off and remove the antibody 
which should not be bonded with the hapten from a 
number of the absorptive regions 4 of the biochemical 
analysis unit 1 . Therefore, the efficiency of the cleaning 
operation can be maricedly improved. 
[0430] Moreover, according to this embodiment, it Is 
possible to record chemilumrnescent data in a number 
of the absorptive regions 4 of the biochemical analysis 
unit 1 using the same reactor by selectively hybridizing 
a substance derived from a living organism and labeled 
with a hapten such as digoxigenin with specific binding 
substances absortaed in a number of the absorptive re- 
gions 4 of the biochemical analysis unit 1 and further 
binding by an antigen-antibody reaction an antibody to 
the hapten such as digoxigenin labeled with an enzyme 
which generates chemlluminescence emission when it 
contacts a chemliumlnescent substrate with the hapten 
such as digoxigenin labeling the substance derived wilh 
a living organism. Therefore, it is possible to very effi- 
ciently record chemiluminescent data in a number of the 
absorptive regions 4 of the biochemical analysis unit 1 . 
Further, since a substance derived from a living organ- 
ism is labeled with a hapten such as digoxigenin having 
a low molecular weight and the substance derived from 
a living organism is selectively hybridized with specific 
binding substances absorbed in a number of the absorp- 
tive regions 4 of the biochemical analysis unit 1 , It is pos- 
sible to hybridize specific binding substances and a sub- 
stance derived from a living organism in a desired man- 
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ner and, therefore, it is possible to produce biochemical 
analysis data having an excellent quantitative charac- 
teristic by reading chemiluminescent data. 
[0431] The present invention has thus been shown 
and described with reference to specific embodiments. 
However, it should be noted that the present invention 
Is in no way limited to the details of the described ar- 
rangements but changes and modifications may be 
made without departing from the scope of the appended 
claims. 

[0432] For example, in the above descnbed embodi- 
ments, radiation data, fluorescence data and chemilu- 
minescence data are selectively recorded in a number 
of the absorptive regions 4 of the biochemical analysis 
unit 1 by selectively hybridizing a substance derived 
from a living organism and labeled with a radioactive la- 
beling substance and a fluorescent substance with spe- 
cific labeling substances absorbed In a number of the 
absorptive regions 4 of the biochemical analysis unit 1 , 
selectively hybridizing a substance derived from a living 
organism and labeled with a hapten such as digoxigenin 
with specific labeling substances absorbed in a number 
of the absorptive regions 4 of the biochemical analysis 
unit 1 and further binding an antibody for the hapten la- 
beled with an enzyme which generates chemilumines- 
cence emission when it contacts a chemiluminescent 
substrate with the hapten such as digoxigenin labeling 
a substance derived from a living organism selectively 
hybridized with the specific binding substances fixed in 
a number of the absorptive regions 4 of the biochemical 
analysis unit 1 by an antigen-antibody reaction. Howev- 
er, the application of the present invention is not limited 
to such a hybridization reaction and an antigen-antibody 
reaction and the present invention can be applied to var- 
ious kinds of hybridization reactions and various kinds 
of antigen-antibody reactions. Moreover, the present in- 
vention can be widely applied to various kinds of recep- 
tor-ligand association reactions. 
[0433] Further, in the above described embodiments, 
chemiluminescence data are selectively recorded in a 
number of the absorptive regions 4 of the biochemical 
analysis unit 1 by selectively hybridizing a substance de- 
rived from a living organism and labeled with a hapten 
such as digoxigenin with specific labeling substances 
fixed in a number of the absorptive regions 4 of the bi- 
ochemical analysis unit 1 and further binding an anti- 
body to the hapten labeled with an enzyme which gen- 
erates chemiluminescence emission when it contacts a 
chemiluminescent substrate with the hapten labeling a 
substance derived from a living organism and selective- 
ly hybridized with the specific binding substances fixed 
in number of the absorptive regions 4 of the biochemical 
analysis unit 1 by an antigen-antibody reaction. Howev- 
er, chemiluminescence data may be selectively record- 
ed in a number of the absorptive regions 4 of the bio- 
chemical analysis unit 1 by selectively hybridizing a sub- 
stance derived from a living body and labeled with a la- 
beling substance which generates chemiluminescence 



emission when it contacts a chemiluminescent sub- 
strate with specific binding substances fixed in a number 
of the absorptive regions 4 of the biochemical analysis 
unit 1 . 

5 [0434] Furthermore, In the above described embodi- 
ments, fluorescence data are selectively recorded in a 
number of the absorptive regions 4 of the biochemical 
analysis unit 1 by selectively hybridizing a substance de- 
rived from a living organism and labeled with a fluores- 
ce cent substance with specific labeling substances such 
as cDNAs fixed in a number of the absorptive regions 4 
of the biochemical analysis unit 1 . However, fluores- 
cence data may be selectively recorded in a number of 
the absorptive regions 4 of the biochemical analysis unit 
15 1 by selectively hybridizing a substance derived from a 
living organism and labeled with a hapten such as dig- 
oxigenin with specific labeling substances such as cD- 
NAs fixed In a nuniber of the absorptive regions 4 of the 
biochemrcal analysis unit 1 and further binding an anti- 
body to the hapten labeled with an enzyme which gen- 
erates a fluorescence substance when it contacts a flu- 
orescent substrate with the hapten labeling a substance 
derived from a living organism and selectively hybrid- 
ized with the specific binding substances fixed in 
number of the absorptive regions 4 of the biochemical 
analysis unit 1 by an antigen-antibody reaction. 
[0435] Further, in the above described embodiments, 
although the hybridization reaction solution contains a 
substance derived from a living organism and labeled 
with a radioactive labeling substance, a substance de- 
rived from a living organism and labeled with a fluores- 
cent substance and a substance derived from a living 
organism and labeled with a hapten such as digoxigen- 
in, it is not absolutely necessary for the hybridization re- 
action solution to contain the hybridization reaction so- 
lution contains a substance derived from a living organ- 
ism and labeled with a radioactive labeling substance, 
a substance derived from a living organism and labeled 
with a fluorescent substance and a substance derived 
from a living organism and labeled with a hapten such 
as digoxigenin and it is sufficient for the hybridization 
reaction solution to contain a substance derived from a 
living organism and labeled with at least on-. ?f a radio- 
active labeling substance, a fluorescent substance and 
a hapten such as digoxigenin. 
[0436] Moreover, in the above described embodi- 
ments, as specific binding substances, cDNAs each of 
which has a known base sequence and is different from 
the others are used. However, specific binding sub- 
stances usable In the present invention are not limited 
to cDNAs but all specific binding substances capable of 
specifically binding with a substance derived from a liv- 
ing organism such as a cell, virus, homione, tumor 
marker, enzyme, antibody, antigen, abzyme, other pro- 
tein, a nuclear acid, cDNA, DNA, RNA or the like and 
whose sequence, base length, composition and the like 
are known, can be employed in the present invention as 
a specific binding substance. 
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[0437] Further, in the embodiment shown in Figure 3, 
the hybridization reaction solution, the cleaning solution 
or the antibody solution containing an antibody to the 
hapten such as digoxigenin labeled with an enzyme 
which generates chemiluminescence emission when it 
contacts a chemiluminescent substrate is forcibly fed as 
indicated by the arrows A in Figure 3 using the booster 
pump 12 so as to cut through a number of the absorptive 
regions 4 of the biochemical analysis unit 1 held at the 
biochemical analysis unit holding section 7 of the reac- 
tion vessel 8 and, in the embodiment shown in Figure 
18, the hybridization reaction solution, the cleaning so- 
lution orthe antibody solution containing an antibody to 
the hapten such as digoxigenin labeled with an enzyme 
which generates chemiluminescence emission when it 
contacts a chemiluminescent substrate is forcibly fed as 
indicated by the arrows A or B in Figure 18 using the 
piston 135 of the syringe 136 so as to cut through a 
number of the absorptive regions 4 of the biochemical 
analysts unit 1 held at the biochemical analysis unit hold- 
ing section 130 of the reaction vessel 131 . However, it 
is not absolutely necessary to forcibly feed the hybridi- 
zation reaction solution, the cleaning solution orthe an- 
tibody solution containing an antibody to the hapten 
such as digoxigenin labeled with an enzyme which gen- 
erates chemiluminescence emission when it contacts a 
chemiluminescent substrate so as to cut through a 
number of the absorptive regions 4 of the biochemical 
analysis unit 1 held at the biochemical analysis unit hold- 
ing section 7, 130of the reaction vessel 8, 131 using the 
booster pump 12 or the piston 135 of the syringe 136 
and it Is possible to forcibly feed the hybridization reac- 
tion solution, the cleaning solution orthe antibody solu- 
tion containing an antibody to the hapten such as dig- 
oxigenin labeled with an enzyme which generates 
chemiluminescence emission when It contacts a chemi- 
luminescent substrate so as to cut through a number of 
the absorptive regions 4 of the biochemical analysis unit 
1 held at the biochemical analysis unit holding section 
7, 1 30 of the reaction vessel 8, 1 31 using any of various 
other means. 

[0438] Furthennore, in the embodiment shown in Fig- 
ure 3, the hybridization reaction solution, the cleaning 
solution orthe antibody solution containing an antibody 
to the hapten such as digoxigenin labeled with an en- 
zyme which generates chemiluminescence emission 
when it contacts a chemiluminescent substrate is forci- 
bly fed as Indicated by the arrows A in Figure 3 so as to 
cut through a number of the absorptive regions 4 of the 
biochemical analysis unit 1 held at the biochemical anal- 
ysis unit holding section 7 of the reaction vessel 8 and 
recycled via the solution circulation pipe 11 provided 
with the filter 1 4 and the static mixer 1 3 into the reaction 
vessel 8 using the booster pump 12. However, It is pos- 
sible to forcibly feed the hybridization reaction solution, 
the cleaning solution orthe antibody solution containing 
an antibody to the hapten such as digoxigenin labeled 
with an enzyme which generates chemiluminescence 



emission when it contacts a chemiluminescent sub- 
strate in a direction as indicated by the arrows A in Fig- 
ure 3 and the opposite direction so as to cut through a 
number of the absorptive regions 4 of the biochemical 

5 analysis unit 1 held at the biochemical analysis unit hold- 
ing section 7 of the reaction vessel 8 without providing 
the filter 14 in the solution circulation pipe 11 , thereby 
conducting a reaction. In the case of forcibly feeding the 
hybridization reaction solution, the cleaning solution or 

10 the antibody solution containing an antibody to the hap- 
ten such as digoxigenin labeled with an enzyme which 
generates chemiluminescence emission when it con- 
tacts a chemiluminescent substrate in a direction as in- 
dicated by the arrows A In Figure 3 and the opposite 

15 direction so as to cut through a number of the absorptive 
regions 4 of the biochemical analysis unit 1 held at the 
biochemical analysis unit holding section 7 of the reac- 
tion vessel 8, static mixers 13 are preferably provided 
on the both sides of the booster pump 12. 

20 [0439] Further, in the above described embodiments, 
although 19,200 substantially circular absorptive re- 
gions 4 having a size of about 0.01 mm^ are fonned in 
the substrate 2 of the biochemical analysis unit 1 in a 
regular pattern and in the manner of a matrix, the shape 

25 of each of the absorptive regions 4 Is not limited to sub- 
stantially a circular shape but may be formed in an ar- 
bitrary shape, for example, a rectangular shape. 
[0440] Moreover, in the above described embodi- 
ments, although 19,200 substantially circular absorptive 

30 regions 4 having a size of about 0.01 mm^ are fonned 
in the substrate 2 of the biochemical analysis unit 1 in a 
regular pattern and In the manner of matrix, the number 
or size of the absorptive regions 4 may be arbitrarily se- 
lected In accordance with the purpose. Preferably, 1 0 or 

35 more of the absorptive regions 4 having a size of 5 mm^ 
or less are formed in the biochemical analysis unit 1 at 
a density of 10/ cm^ or greater 
[0441] Further, in the above described embodiments, 
although 19,200 substantially circular absorptive re- 

40 gions 4 having a size of about 0.01 mm^ are fonned in 
the substrate 2 of the biochemical analysis unit 1 In a 
regular pattern and in the manner of matrix, it is not ab- 
solutely necessary to form the absorptive regions 4 in 
the biochemical analysis unit 1 In a regular pattern. 

45 [0442] Furthermore, In the above described embodi- 
ments, although the biochemical analysis unit 1 includes 
a number of the absorptive regions 4 fonned by charging 
nylon-6,6 in a number of the through-hole 3 formed in 
the substrate 2 made of stainless steel, it is not abso- 

50 lutely necessary to form a number of the absorptive re- 
gions 4 of the biochemical analysis unit 1 of nylon-6, 8 
but a number of the absorptive regions 4 of the biochem- 
ical analysis unit 1 may be formed Instead of nylon-6, 6 
of a porous carbon material such as an activated carbon 

55 or materials including nylons such as nylon-6, nylon- 
4,10; cellulose derivatives such as nitrocellulose, acetyl 
cellulose and butyric-acetyl cellulose; collagen; alginic 
acids such as alginic acid, calcium alginate and alginic 
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acid/poly-L- lysine polyionic complex; polyolefins such 
as polyethylene and polypropylene; polyvinyl chloride; 
polyvinylidene chloride; polyfluorides such as polyvinyli- 
dene fluoride and polytetrafluoride; and copolymers or 
composite materials thereof. A number of the absorptive 5 
regions 4 of the biochemical analysis unit 1 may be 
formed of Inorganic porous materials including metals 
such as platinum, gold, iron, silver, nickel, aluminum and 
the like; metal oxides such as alumina, silica, titania, ze- 
olite and the like; metal salts such as hydroxy apatite, io 
calcium sulfate and the like; and composite materials 
thereof, or a plurality of fiber bundles. 
[0443] Moreover, In the above described embodi- 
ments, although the biochemical analysis unit 1 includes 
the substrate made of stainless steel, it is not absolutely i5 
necessary to make the substrate 2 of the biochemical 
analysis unit 1 of stainless steel but the substrate 2 of 
the biochemical analysis unit 1 may be made of other 
kinds of material. The substrate 2 of the biochemical 
analysis unit 1 is preferably made of material capable of 20 
attenuating light energy and radiation energy but the 
material for fomriing the substrate 2 of the biochemical 
analysis unit 1 is not particularly limited. The substrate 
2 of the biochemical analysis unit 1 can be fonmed of 
either inorganic compound material or organic com- 25 
pound material and is preferably formed of a metal ma- 
terial, a ceramic material or a plastic material. Illustrative 
examples of inorganic compound materials preferably 
usable for forming the substrate 2 of the biochemical 
analysis unit 1 and having a property of attenuating light 30 
energy and radiation energy include metals such as 
gold, silver, copper, zinc, aluminum, titanium, tantalum, 
chromium, steel, nickel, cobalt, lead, tin, selenium and 
the like; alloys such as brass, stainless, bronze and the 
like; silicon materials such as silicon, amorphous silicon, 35 
glass, quartz, silicon carbide, silicon nitride and the like; 
metal oxides such as aluminum oxide, magnesium ox- 
ide, zirconium oxide and the like; and inorganic salts 
such as tungsten carbide, calcium carbide, calcium sul- 
fate, hydroxy apatite, gallium arsenide and the like. 40 
These may have either a monocrystal structure or a 
polycrystal sintered structure such as amorphous, ce- 
ramic or the like. High molecular compounds are pref- 
erably used as organic compound material for fonning 
the substrate 2 of the biochemical analysis unit 1 and 45 
having a property of attenuating light energy and radia- 
tion energy and illustrative examples thereof include 
polyolefins such as polyethylene, poiypropylene and the 
like; acrylic resins such as polymethyl methacrylate, 
polybutylacrylate/polymethyl methacrylate copolymer so 
and the like; polyacrylonitrile; polyvinyl chloride; polyvi- 
nylidene chloride; polyvinylidene fluoride; polytetrafluor- 
oethylene; polychlorotrifluoroethylene; polycarijonate; 
polyesters such as polyethylene naphthalate, polyeth- 
ylene terephthalate and the like; nylons such as nylon- 55 
6, nylon-6,6, nylon-4, 1 0 and the like; polyimlde; polysul- 
fone; polyphenylene sulfide; silicon resins such as poly- 
diphenyl slloxane and the like; phenol resins such as 



novolac and the like; epoxy resin; polyurethane; poly- 
styrene, butadiene-styrene copolymer; polysaccharides 
such as cellulose, acetyl cellulose, nitrocellulose, 
starch, calcium alginate, hydroxypropyl methyl cellulose 
and the like; chitin; chitosan; urushi (Japanese lacquer); 
poiyamides such as gelatin, collagen, keratin and the 
like; and copolymers of these high molecular materials. 
These may be a composite compound, and metal oxide 
particles, glass fiber or the like may be added thereto as 
occasion demands. Further, an organfc compound ma- 
terial may be blended therewith. 
[0444] Further, in the above described embodiments, 
although a number of the absorptive regions 4 of the 
biochemical analysis unit 1 are formed by charging ny- 
lon-6, 6 in a number of the through-hole 3 formed in the 
substrate 2, a number of the absorptive regions 4 may 
be fomned by pressing an absorptive membrane fonned 
of an absorptive material such as nylon-6, 6 Into a 
number of through-holes 3 formed in the substrate 2. 
[0445] Furthermore, in the above described embodi- 
ments, although a number of the absorptive regions 4 
of the biochemical analysis unit 1 are formed by charg- 
ing nylon-6, 6 in a number of the through-hole 3 fomned 
In the substrate 2, it Is possible to bring a substrate 
formed with a number of through-holes into close con- 
tact with at least one surface of an absorptive substrate 
formed of an absorptive material such as a membrane 
filter and to form a number of absorptive regions by the 
absorptive substrate within a number of the through- 
holes fomned in the substrate. 
[0446] Further, in the above described embodiments, 
although a number of the absorptive regions 4 of the 
biochemical analysis unit 1 are formed by charging ny- 
lon-6, 6 in a number of the through-hole 3 formed in the 
substrate 2, it is possible it is possible instead to fomn a 
number of absorptive regions so as to be spaced from 
each other by dropping a solution containing specific 
binding substances in a regular pattern onto different re- 
gions of an absorptive substrate formed of an absorptive 
material such as a membrane filter. 
[0447] According to the present invention, It is possi- 
ble to provide a method for conducting a receptor-ligand 
association reaction and a reactor used therefor which 
can efficiently associate a ligand or receptor with recep- 
tors or ligands fixed in spot-like regions of a biochemical 
analysis unit and produce biochemical analysis data 
having an excellent quantitative characteristic with good 
repeatability. 



Claims 

1. A method for conducting a receptor-ligand associ- 
ation reaction comprising steps of holding a bio- 
chemical analysis unit formed with a plurality of ab- 
sorptive regions spaced apart from each other and 
containing receptors or ligands in a reaction vessel 
covered by a jacket whose temperature can be con- 
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trolled, and forcibly feeding a reaction solution con- 
taining a ligand or receptor labeled with a labeling 
substance so as to cut through the plurality of ab- 
sorptive regions formed in the biochemical analysis 
unit, thereby selectivety associating the ligand or re- 
ceptor contained in the reaction solution with the re- 
ceptors or llgands contained in the plurality of ab- 
sorptive regions of the biochemical analysis unit. 

2. A method for conducting a receptor-llgand associ- 
ation reaction in accordance with Claim 1 which fur- 
ther comprises a step of recycling the reaction so- 
lution into the reaction vessel via a solution circula- 
tion passage provided with a filter so that the reac- 
tion solution is forcibly fed to cut through the plurality 
of absorptive regions formed in the biochemical 
analysis unit, thereby selectively associating the lig- 
and or receptor contained in the reaction solution 
with the receptors or llgands contained in the plu- 
rality of absorptive regions of the biochemical anal- 
ysis unit. 

3. A method for conducting a receptor-ligand associ- 
ation reaction in accordance with Claim 2 which fur- 
ther comprises a step of recycling the reaction so- 
lution into the reaction vessel via a static mixer pro- 
vided in the solution circulation passage so that the 
reaction solution is forcibly fed to cut through the 
plurality of absorptive regions formed in the bio- 
chemical analysis unit, thereby selectively associ- 
ating the ligand or receptor contained in the reaction 
solution with the receptors or llgands contained in 
the plurality of absorptive regions of the biochemical 
analysis unit. 

4. A method for conducting a receptor-ligand associ- 
ation reaction in accordance with Claim 1 which fur- 
ther comprises a step of forcibly feeding the reac- 
tion solution so as to cut through the plurality of ab- 
sorptive regions formed in the biochemical analysis 
unit alternately in different directions, thereby selec- 
tively associating the ligand or receptor contained 
in the reaction solution with the receptors or llgands 
contained in the plurality of absorptive regions of the 
biochemical analysis unit. 

5. A method for conducting a receptor-ligand associ- 
ation reaction in accordance with Claim 4 which 
comprises a step of forcibly feeding the reaction so- 
lution so as to cut through the plurality of absorptive 
regions formed in the biochemical analysis unit al- 
ternately in different directions and forcibly feeding 
the reaction solution into a pair of solution passages 
connected to the reaction vessel one on either side 
of the biochemical analysis unit held in the reaction 
vessel and each having a static mixer, thereby se- 
lectively associating the ligand or receptor con- 
tained in the reaction solution with the receptors or 



ligands contained in the plurality of absorptive re- 
gions of the biochemical analysis unit. 

6. A method for conducting a receptor-ligand associ- 
5 ation reaction In accordance with any one of Claims 

1 to 5 wherein the reaction solution contains a lig- 
and or receptor labeled with a labeling substance 
selected from a group consisting of a radioactive la- 
beling substance, a fluorescent substance and a la- 
10 beling substance which generates chemitumines- 
cence emission when It contacts a chemilumlnes- 
cent substrate. 

7. A method for conducting a receptor-ligand associ- 
15 ation reaction in accordance with any one of Claims 

1 to 6 which comprises steps of holding the bio- 
chemical analysis unit formed with a plurality of ab- 
sorptive regions spaced apart from each other and 
containing specific binding substances whose 
20 structure or characteristics are known in the reac- 
tion vessel covered by the jacket whose tempera- 
ture can be controlled, and forcibly feeding the re- 
action solution containing a substance derived from 
a living organism and labeled with a labeling sub- 
25 stance so as to cut through the plurality of absorp- 
tive regions formed in the biochemical analysis unit, 
thereby selectively hybridizing the substance de- 
rived from a living organism, labeled with a labeling 
substance and contained in the reaction solution 
30 with the specific binding substances contained in 
the plurality of absorptive regions of the biochemical 
analysis unit. 

8. A method for conducting a receptor-ligand assocl- 
35 ation reaction in accordance with any one of Claims 

1 to 6 which comprises steps of holding the bio- 
chemical analysis unit formed with a plurality of ab- 
sorptive regions spaced apart from each other and 
containing an antigen or an antibody in the reaction 

40 vessel covered by the jacket whose temperature 
can be controlled, and forcibly feeding the reaction 
solution containing an antibody or an antigen la- 
beled with a labeling substance so as to ^ * hrough 
the plurality of absorptive regions fonned in the bi- 

45 ochemical analysis unit, thereby binding the anti- 
body or the antigen labeled with a labeling sub- 
stance and contained in the reaction solution wilh 
the antigen or the antibody contained in the plurality 
of absorptive regions of the biochemical analysis 

50 unit by an antigen-antibody reaction. 

9. A method for conducting a receptor-ligand associ- 
ation reaction in accordance with any one of Claims 
1 to 6 which comprises steps of holding the bio- 

55 chemical analysis unit formed with a plurality of ab- 
sorptive regions spaced apart from each other and 
containing specific binding substances whose 
structure or characteristics are known in the reac- 
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tion vessel covered by the jacket whose tempera- 
ture can be controlled, forcibly feeding the reaction 
solution containing a substance derived from a liv- 
ing organism and labeled with a hapten so as to cut 
through the plurality of absorptive regions formed in 
the biochemical analysis unit, thereby selectively 
hybridizing the substance derived from a living or- 
ganism, labeled with the hapten and contained in 
the reaction solution with the specific binding sub- 
stances contained in the plurality of absorptive re- 
gions of the biochemical analysis unit, and forcibly 
feeding a reaction solution containing an antibody 
to the hapten labeled with a labeling substance so 
as to cut through the plurality of absorptive regions 
formed in the biochemical analysis unit, thereby 
binding the antibody labeled with the labeling sub- 
stance and contained in the reaction solution with 
the hapten contained In the plurality of absorptive 
regions of the biochemical analysis unit by an anti- 
gen-antibody reaction. 

10. A method for conducting a receptor-ligand associ- 
ation reaction in accordance with Claim 9 which 
comprises steps of holding the biochemical analy- 
sis unit fonned with a plurality of absorptive regions 
spaced apart from each other and containing spe- 
cific binding substances whose structure or charac- 
teristics are known in the reaction vessel covered 
by the jacket whose temperature can be controlled, 
forcibly feeding the reaction solution containing a 
substance derived from a living organism and la- 
beled with a hapten so as to cut through the plurality 
of absorptive regions formed in the biochemical 
analysis unit, thereby selectively hybridizing the 
substance derived from a living organism, labeled 
with the hapten and contained in the reaction solu- 
tion with the specific binding substances contained 
in the plurality of absorptive regions of the biochem- 
ical analysis unit, and forcibly feeding a reaction so- 
lution containing an antibody to the hapten labeled 
with an enzyme which generates chemllumlnes- 
cence emission when it contacts a chemilumines- 
cent substrate so as to cut thrc^ 'c h the plurality of 
absorptive regions fonned in the biochemical anal- 
ysis unit, thereby binding the antibody labeled with 
the enzyme and contained in the reaction solution 
with the hapten contained in the plurality of absorp- 
tive regions of the biochemical analysis unit by an 
antigen-antibody reaction. 

11. A method for conducting a receptor-ligand associ- 
ation reaction in accordance with Claim 9 which 
comprises steps of holding the biochemical analy- 
sis unit formed with a plurality of absorptive regions 
spaced apart from each other and containing spe- 
cific binding substances whose structure or charac- 
teristics are known in the reaction vessel covered 
by the jacket whose temperature can be controlled, 



forcibly feeding the reaction solution containing a 
substance derived from a living organism and la- 
beled with a hapten so as to cut through the plurality 
of absorptive regions formed in the biochemical 
5 analysis unit, thereby selectively hybridizing the 
substance derived from a living organism, labeled 
with the hapten and contained in the reaction solu- 
tion with the specific binding substances contained 
in the plurality of absorptive regions of the biochem- 
10 ical analysis unit, and forcibly feeding a reaction so- 
lution containing an antibody to the hapten labeled 
with an enzyme which generates a fluorescent sub- 
stance when it contacts a fluorescent substrate so 
as to cut through the plurality of absorptive regions 
15 formed in the biochemical analysis unit, thereby 
binding the antibody labeled with the enzyme and 
contained In the reaction solution with the hapten 
contained In the plurality of absorptive regions of the 
biochemical analysis unit by an anligen-antlbody 
20 reaction. 

12. A method for conducting a receptor-ligand associ- 
ation reaction in accordance with any one of Claims 
1 to 11 wherein the biochemical analysis unit in- 

25 eludes a substrate formed with a plurality of 
through-holes spaced apart from each other and 
the plurality of absorptive regions are formed by 
charging an absorptive material in the plurality of 
through-holes fonned In the substrate and causing 
30 the absorptive material charged in the plurality of 
through-holes to contain receptors or ligands. 

13. A method for conducting a receptor-ligand associ- 
ation reaction in accordance with Claim 12 wherein 

35 the plurality of absorptive regions are formed by 
pressing an absorptive membrane containing an 
absorptive material into the plurality of through- 
holes formed in the substrate and causing the ab- 
sorptive material pressed into the plurality of 
40 through-holes to contain receptors or ligands. 

14. A method for conducting a receptor-ligand associ- 
ation reaction in accordance with any one of Claims 
1 to 13 wherein the biochemical analysis unit is 

45 formed with 1 0 or more absorptive regions. 

15. A method for conducling a receptor-ligand associ- 
ation reaction in accordance with any one of Claims 
1 to 14 wherein each of the plurality of absorptive 

50 regions of the biochemical analysis unit has a size 
of less than 5 mm^. 

16. A method for conducting a receptor-ligand associ- 
ation reaction in accordance with any one of Claims 

55 1 to 15 wherein the plurality of absorptive regions 
are formed in the biochemical analysis unit at a den- 
sity of 50 or more per cm^. 
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17- A method for conducting a receptor-ligand associ- 
ation reaction in accordance with any one of Claims 
12 to 16 wherein the substrate of the biochemical 
analysis unit has a property of attenuating radiation 
energy 

18. A method for conducting a receptor-ligand associ- 
ation reaction in accordance with Claim 17 wherein 
the substrate of the biochemical analysis unit has a 
property of reducing the energy of radiation to 1/5 
or less when the radiation travels in the substrate 
by a distance equal to that between neighboring ab- 
sorptive regions. 

19. A method for conducting a receptor-ligand associ- 
ation reaction in accordance with any one of Claims 
12 to 18 wherein the substrate of the biochemical 
analysis unit has a property of attenuating light en- 
ergy. 

20. A method for conducting a receptor-ligand associ- 
ation reaction in accordance with Claim 19 wherein 
the substrate of the biochemical analysis unit has a 
property of reducing the energy of light to 1 /5 or less 
when the light travels in the substrate by a distance 
equal to that between neighboring absorptive re- 
gions. 

21. A reactor for conducting a receptor-ligand associa- 
tion reaction comprising a reaction vessel covered 
by a jacket whose temperature can be controlled 
and provided with a biochemical analysis unit hold- 
ing section for holding a biochemical analysis unit 
fomned with a plurality of absorptive regions spaced 
apart from each other and containing receptors or 
ligands, and a reaction solution force-feeding 
means for forcibly feeding a reaction solution con- 
taining a ligand or receptor labeled with a labeling 
substance so as to cut through the plurality of ab- 
sorptive regions of the biochemical analysis unit 
held by the biochemical analysis unit holding sec- 
tion. 

22. A reactor for conducting a receptor-ligand associa- 
tion reaction in accordance with Claim 21 which fur- 
ther comprises a solution circulation passage con- 
nected to the reaction vessel for recycling the reac- 

' tion solution into the reaction vessel and a filter pro- 
vided In the solution circulation passage. 

23. A reactor for conducting a receptor-ligand associa- 
tion reaction in accordance with Claim 21 or 22 
which further comprises a static mixer provided in 
the solution circulation passage. 

24. A reactor for conducting a receptor-ligand associa- 
tion reaction In accordance with any one of Claims 
21 to 23 wherein the reaction solution force-feeding 



means is constituted as a pump. 

25. A reactor for conducting a receptor-ligand associa- 
tion reaction In accordance with any one of Claims 

5 21 to 23 wherein the reaction solution force-feeding 
means is constituted so as to forcibly feed the reac- 
tion solution to cut through the plurality of absorptive 
regions formed in the biochemical analysis unit al- 
ternately In different directions. 

10 

26. A reactor for conducting a receptor-ligand associa- 
tion reaction in accordance with Claim 25 wherein 
a pair of solution passages are further connected to 
the reaction vessel one on either side of the bio- 

*5 chemical analysis unit held in the reaction vessel 
and a static mixer is provided in each of the solution 
passages. 

27. A reactor for conducting a receptor-ligand assocla- 
^0 tion reaction in accordance with Claim 25 or 27 

wherein the reaction solution force-feeding means 
is constituted as a syringe provided with a piston. 
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